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PREFACE. 


It  was  early  perceived  that  the  field  parties  of  the  Geological  Sarvey 
occasionally  had  favorable  opportunities  for  the  collection  of  important 
rock  tyi>es  not  readily  accessible  to  others,  and  that,  by  systematic 
cooperation,  these  parties,  without  much  additional  expense,  could  in 
the  course  of  years  gather  a  large  collection  of  duplicate  type  speci- 
mens of  rocks  which  would  be  valuable  to  educational  institutions  for 
the  purposes  of  teaching. 

This  collection  was  started  in  1882,  under  the  directorship  of  Maj. 
J.  W.  Powell,  and  at  first  contemplated  200  suites  containing  only  100 
specimens  each  of  typical  rocks  belonging  about  equally  to  the  two 
great  groups,  sedimentary  and  igneous. 

To  Messrs.  Becker,  Hague,  and  Emmons  was  assigned  the  collecting 
of  the  crystalline  rocks,  while  the  others  were  to  be  obtained  by  Messrs. 
Gilbert,  Powell,  Ghamberlin,  Hague,  and  Kerr.  The  work  progressed 
steadily  for  several  years,  but,  in  order  that  important  types  not  met 
by  any  of  the  field  parties  in  their  regular  work  might  be  obtained,  it 
was  found  necessary  to  assign  more  definitely  the  task  of  completing 
Ae  series  and  preparing  it  for  distribution. 

Although  the  responsibility  for  the  selection,  numbering,  and  arrange- 
ment of  the  series  rests  almost  wholly  with  the  present  writer,  these 
were  determined  after  much  correspondence  and  conference  with  his 
colleagues  and  were  controlled  largely  by  circumstances.  Although 
most  of  the  specimens  in  this  collection  are  intended  to  illustrate  rock 
l^ypes,  there  are  a  number — such  as  concretions  (33-^6),  dike  (57),  jointing 
(103, 123),  and  others — intended  to  illustrate  special  ieatures,  and  it  has 
been  thought  best  to  treat  each  with  its  kind  among  the  classified  rocks 
rather  than  under  a  separate  heading. 

Acknowledgments  are  due  to  nearly  all  the  geologists  of  the  Survey 
and  to  many  persons  outside  who  have  generously  aided  in  collecting 
specimens  within  their  reach.  Special  acknowledgment  should  be 
made  to  Prof.  0.  H.  Hitchcock,  who  collected  all  the  specimens  from 
New  Hampshire. 

In  the  preparation  of  this  bulletin,  29  specimens  have  been  described 
by  Prof.  J.  P.  Iddings,  of  the  University  of  Chicago;  16  by  Prof.  W. 
8.  Bayley,  of  Oolby  University,  Waterville,  Maine;  9  by  Mr.  Whitman 
Cross,  of  the  United  States  Geological  Survey,  5  \>^  ^x,  ^^«t^<ss  ^  • 
Merrill,of  the  United  States  National  Museum;  B\>^  Pxo^.  ^  -^-^  OS^^I 
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Harvard  XTniversity,  Oambridge,  Maasachasetts;  4  by  Mr.  George  Otis 
Smith,  of  the  United  States  Geological  Survey;  3  by  Mr.  G.  K.  Gilbert, 
of  the  United  States  Geological  Survey;  3  by  Mr.  Waldemar  Lindgren, 
of  the  United  States  Geological  Survey ;  3  by  Prof.  C.  B.  Van  Hise,  of 
the  State  University,  Madison,  Wisconsin ;  2  by  Mr.  Bailey  Willis,  of 
the  United  States  Geological  Survey;  2  by  Mr.  H.  W.  Turner,  of  the 
United  States  Geological  Survey;  2  by  Mr.  Walter  Harvey  Weed,  of 
the  United  States  Geological  Survey;  1  by  Prof.  E.  B.  Matthews,  of 
the  Johns  Hopkins  University,  Baltimore,  Maryland;  1  by  Prof.  Flor- 
ence Bascom,  of  Bryn  Mawr  College,  Bryn  Mawr,  Pennsylvania;  1  by 
Prof.  L.  V.  Pirsson,  of  the  the  Sheffield  Scientific  School  in  Yale  Uni- 
versity, New  Haven,  Connecticut;  and  1  by  Mr.  S.  Weidman,  of  the 
University  of  Chicago;  in  all  of  which  cases  the  descriptions  are  duly 
accredited  in  the  text.  All  of  the  descriptions  not  thus  accredited  and 
the  other  portions  of  the  bulletin  have  been  prepared  by  the  present 
writer,  who  desires  to  acknowledge  the  aid  he  has  received  fix>m 
Microscopical  Physiography  of  Bock-making  Minerals,  by  J.  P.  Iddings 
(translation  of  Bosenbusch) ;  the  excellent  Handbook  of  Bocks,  by  J.  F. 
Kemp;  Petrology  for  Students,  by  Alfred  Harker;  Stones  for  Building 
and  Decoration,  by  G.  P.  Merrill;  Bocks,  Bock- weathering,  and  Soils, 
by  the  same  author,  as  well  as  to  the  more  complete  works  on  petrog- 
raphy, especially  those  of  Bosenbusch  and  Zirkel. 

J.   S.  DiLLEB. 

June  9,  1897. 


THE  EDUCATIONAL  SERIES  OF  ROCK  SPECIMENS. 


By  J.  S.  DiLLEB. 

THE  STUDY  OF  ROCK8. 

INTRODUCTION. 

A  rock  is  a  large  mass  of  mineral  matter  forming  an  essential  part  of 
the  earth.  Granite  and  sandstone  are  rocks  made  up  of  a  number  of 
minerals^  but  in  other  rocks,  as,  for  example,  limestone  and  serpentine 
when  pure,  the  mass  is  composed  wholly  of  one  mineral.  In  still  other 
exceptional  cases,  like  obsidian,  the  mineral  matter  may  be  in  a  wholly 
amorphous  condition,  like  glass — not  made  up  of  any  definite  min- 
eral or  minerals.  The  material  of  which  the  rock  is  composed  may 
be  loose,  as  sand  and  gravel,  or  cemented  (lithified),  as  sandstone  and 
conglomerate. 

Bocks  may  be  studied  (1)  in  the  field,  as  large  masses,  where  their 
greater  structural  features  and  relations  to  other  rocks  are  discovered; 
and  (2)  in  the  laboratory,  where  only  hand  specimens  (stones)  are 
available  for  investigation.  The  science  of  rocks  is  petrology.  It  is  the 
branch  of  geology  that  treats  of  the  origin,  mode  of  occurrence,  struc- 
ture, comx>08ition,  and  alteration  of  rocks.  The  branch  of  petrology 
that  embraces  a  knowledge  of  the  structural  (megascopic  and  micro- 
scopic), mineralogic,  and  chemical  characters  of  rocks  is  petrography. 
The  knowledge  of  rocks  especially  as  masses  of  minerals,  acquired 
largely  by  microscopic  and  other  laboratory  methods,  is  called  by  some 
Uthology. 

It  is  hoped  that  the  lithology  and  petrography  to  be  learned  in 
studying  this  educational  series  of  rock  specimens  may  arouse  an 
interest  in  the  study  of  petrology,  and  also  in  that  of  geology,  of  which 
the  former  is  a  part. 

STRUCTURAL  FEATURES  OF  ROCKS. 

Among  the  first  features  of  rocks  noted  by  an  observer  are  those 
arising  from  structure.  They  may  be  megascopic — that  is,  large  enough 
to  be  seen  by  the  unaided  eye— or  microscopic^  visible  only  with  the  aid 
of  a  microscope. 

Fragmental  or  oUMtic^  breoeiatedj  a^ighmcratedj  conglomerated,,  pebbly^ 
granular,  cryptoolastic  or  compact,  horny, — Sx>ecimens  10^  Il^awd  VI  ^^^ 
all  made  of  firagments  and  illustrate  a  kind  ot  ^t»tue.t\x£^  Ocl^x^^kX^^^"^^ 
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of  such  rocks,  viz,  clastic.  Olastic  rocks  composed  of  fragments  of 
igneous  rocks  are  said  to  be  pyroclaatic.  Specimens  79  and  99  are 
pyroclastic  Olastic  or  fmgmental  structure,  as  it  is  sometimes  called, 
may  be  coarse  or  fine^  according  to  the  size  of  the  component  jxarts, 
and  other  designations  may  be  applied  to  it  on  account  of  variation  in 
the  shape  of  the  fragments.  When  the  fragments  are  angular  the 
structure  is  brecciated  (11).  If  they  are  coarse,  with  occasional  large 
blocks  of  many  shapes  and  sizes  irregularly  intermingled  with  finer 
materia],  the  structure  is  agglomeraUd.  When  the  fragments  are  dis- 
tinctly rounded  pebbles  the  structure  is  conglomerated  (10).  Such 
pebbles  intermingled  with  sand  produce  pebbly  structure  (12).  Bock 
composed  of  sand,  either  angular  or  well  rounded,  has  psammitie  or 
sandstone-like  structure  (12-19).  It  is  also  called  granular  (fragmental 
granular) ;  but  this  term  has  a  wider  application  than  the  others,  fiir 
granites  (67),  diorites  (94),  gabbros  (109),  and  similar  igneous  rock8| 
whose  mineral  constituents  form  distinct,  angular,  often  interlockiiig 
grains,  are  also  granular  (crystalline  granular),  but  their  fundamental 
structure  is  crystalline  and  not  fra^fmentalj  as  is  the  case  with  sandstone^ 

In  specimens  21  and  22,  whose  fragments,  although  visible  in  tUn 
sections  under  the  microscope,  are  so  small  that  they  can  not  be  seen 
by  the  unaided  eye,  the  structure  is  cryptoclastic  or  compact.  Tbm 
structure  of  specimen  134  is  more  than  compact;  it  is  especially  fine 
and  close,  with  the  great  hardnesaand  conchoidal  fracture  of  flinty  doe 
to  the  induration  it  has  experienced  in  contact  with  an  igneous  rook. 
Its  structure  is  horny  or  flinty. 

Stratified^  banded^  cross  bedded^  laminated. — Most  fragmental  rooki 
are  formed  in  water,  and  the  material  of  which  they  are  composed  is 
stratifisd^  i.  e.,  arranged  in  layers  and  beds  (strata),  as  illustrated  infbe 
accompanying  PI.  I,  which  represents  a  series  of  parallel  horizouM 
strata  consisting  chiefly  of  sandstones.  A  stratum  may  be  thick. «r 
thin,  and  may  contain  one  or  more  layers.  In  specimen  16  an  indistiiMi 
banded  structure  is  due  to  the  presence  of  differently  colored  layers  ins 
larger  stratum' of  sandstone.  A  similar  structure  is  produced  in  igne* 
ous  rocks  by  flowing  (see  below).  The  layers  are  usually  parallel  to 
the  stratification,  but  in  some  cases,  as  in  the  lower  beds  of  PL  I,  the 
layers  run  diagonally  across  the  stratum  and  produce  cross  beiimff^ 
The  bedding  may  be  thick  and  without  layers  or  it  may  be  thin,  as  in 
PI.  I,  and  also  in  specimen  17,  where  the  fine  material  is  arranged  in 
sheets  so  thin  that  it  is  called  laminated.  This  structure  is  often  wdl 
illustrated  in  deposits  of  sedimentary  clay. 

Unstratified  or  massive. — Successive  flows  of  lava,  where  they  spread 
over  a  flat  country,  arrange  themselves  in  sheets  so  as  to  show  a  bedded 
structure  similar  to  that  of  stratified  rocks,  but  igneous  rocks  gener- 
ally, such  as  gabbros,  diorites  (Pi.  II),  granites,  etc.,  show  no  such 
arrangement.    They  are  unstratified — that  is,  massive. 

J^low  structure,  streaked. — Ehyolites  and  other  acid  lavas  are  usually 


BEDDED  STRUCTURE.   BEDDING 


CANYON,  «RIZON*. 


ULLKB.]  STRUCTURAL  FEATURES  OF   ROCKS.  15 

yiscous  at  the  time  of  their  eruption,  and  occasionaUy  preserve  lines 
produced  by  flowing.  Specimen  80  shows  a  streaked  arrangement  of  its 
black  glass,  due  to  this  cause.  The  elongated  parts  may  be  drawn  out 
so  as  to  form  bands  and  produce  banded  structure.  All  structures  of 
this  kind  are  included  under  the  general  synonyms  fluxion  structure, 
fluidal  structure,  and  j^u?  structure.  When  not  visible  to  the  uuaided 
eye  it  may  frequently  be  seen  under  the  microscope  in  the  stream-like 
arrangement  of  the  small  crystals  and  other  material  variously  colored. 

Porous  J  cavernous^  cellular  y  pumiceouSy  vesicular-Specimen^  23  and  29 
are  full  of  small  irregular  cavities,  and  their  structure  is  porous.  Both 
are  hot-spring  deposits,  and  the  porous  structure  originated  at  the  time 
the  rock  was  formed.  In  specimen  153  the  cavities  are  larger.  It  is 
cavernous.  Similar  structures  occur  in  acid  volcanic  rocks.  The  special 
form  illustrated  by  specimen  100  occurs  most  frequently  in  basic  lavas. 
The  cavities  are  nearly  round  cells  or  vesicles,  produced  by  expanding 
vapor  contained  in  the  molten  rock  material  at  the  time  of  its  eruption. 
This  structure  ib  cellular.  Sometimes  the  lava  is  so  inflated  by  expanding 
vapors  as  to  be  froth-like,  pumiceous,  as  in  specimen  59.  Pumice  is 
usually  a  product  of  highly  explosive  volcanic  eruptions.  Vast  quan- 
tities of  it  were  thrown  into  the  air  by  the  great  eruption  of  Krakatoa 
in  1883.  When  there  are  but  few  cells,  so  that  they  appear  as  separate 
vesicles,  the  rock  is  vesicular.  The  cells  and  vesicles  of  lava  are  formed 
while  it  is  yet  viscous,  and  if  the  lava  afterward  moves,  the  cells  will 
be  elongated  in  the  direction  of  motion. 

Amygdaloidal. — Alter  vesicular  lavas  solidify,  percolating  waters 
frequently  deposit  mineral  matter  of  various  kinds  in  their  cavities. 
Quartz,  calcite,  zeolite,  etc.,  are  dei)osited  in  the  cells,  producing,  as  in 
specimen  139,  an  amygdaloidal  structure.  The  almond-shaped  kernels 
filling  the  cells  are  known  as  amygdules. 

Vitreous  or  glassy  J  perliticy  devitrified, — Specimen  60  illustrates  vitreous 
or  glassy  structure,  so  named  on  account  of  similarity  to  artificial  glass. 
It  is  limited  to  igneous  rocks,  and  results  from  the  chilling  of  molten 
rock  material  (magma)  so  suddenly  as  not  1^  permit  an  appreciable 
amount  of  crystallization  before  it  becomes  solid.  Specimen  Gl  is  almost 
wholly  glass,  and  is  divided  by  sets  of  more  or  less  concentric  fissures,  so 
as  to  give  it  the  globular  (perlitic)  structure  characteristic  of  perlite. 
Some  very  ancient  acid  volcanic  rocks  which  were  originally  glassy  have 
by  slow  crystallization  gradually  lost  their  glassy  character  and  become 
devitrified.  Specimen  136  illustrates  this  feature.  The  minerals  devel- 
oped are  chiefly  quartz  and  feldspar. 

Orystalline,porphyritiCy  holocrystallinej  hypocrystalliney  amorphous^  Hth- 
oiddly  even-crystalline  granular. — In  specimen  90  the  prominent  white 
XX>rtions  are  feldspar  crystals,  the  dark  blade-shaped  crystals  are  horn- 
blende, and  the  hexagonal  ones  are  mica.  These  forms  result  from  crys- 
tallization. The  rock  structure  produced  by  crystallization  is  crystaUixKe^ 
a  feature  which  is  common  to  many  igneous  and  m^^\»^T£LOt'^\^  xqO&s». 
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Specimen  90  is  a  good  example  of  one  type  of  crystalline  rock.  The  feld- 
spar,  hornblende,  and  mica  each  has  its  own  peculiar  form,  1.  e.,  is  iduh 
morphic.  The  gray  portion  of  the  rock  appears  uniform  to  the  unaided 
eye.  It  is  the  groundmassy  in  which  the  prominent  crystals  (phenocfygti) 
are  embedded,  producing  the  porphyritic  structure.  In  a  thin  section  of 
90,  it  may  be  seen  under  the  microscope  that  all  the  gray  matter  of  the 
groundmass  is  crystallized.  There  is  no  amorphous  matter  {base)  pres- 
ent; the  rock  is  completely  crystalline,  i.  e.,  holocrystalline.  GrauiteSy 
syenites,  diorites,  and  similar  igneous  rocks,  as  well  as  gneiss,  miea- 
schist,  and  others  among  the  metamorphics,  are  holocrystalline.  The 
other  extreme  is  represented  by  obsidian  (60),  in  which  there  may  be 
no  visible  crystallization,  its  structure  being  anwrphous.  Many  lavaSi 
such  as  62, 63,  82,  86, 101,  etc.,  contain  various  proportions  of  both  crys- 
talline and  amorphous  material,  and  their  structure  is  said  to  be  hypo- 
crystalline.  Specimen  62  is  an  acid  lava  having  a  low  degree  of  crys- 
tallization. On  account  of  its  compact,  stony  character  the  structure  is 
called  Uthoidal.  In  granite  the  minerals  crystallized  under  circum- 
stances that  made  them  interfere  with  one  another  and  prevented  the 
development  of  perfect  crystals,  such  as  produce  porphyritic  structure. 
On  the  other  hand,  the  mineral  grains  are  angular,  interlocking,  and  of 
approximately  equal  dimensions,  so  that  the  rock  is  even-crystalline 
granular.  Even-crystalline  granular  structure  is  so  well  illustrated  by 
granite  (66-69)  that  it  is  often  called  granitic  or  granitoid.  The  various 
minerals,  instead  of  being  bounded  each  by  its  own  peculiar  form  (idio. 
morpliic),  as  are  the  phenocrysts  in  porphyritic  rocks,  have  irregular 
angular  forms  determined  by  interfering  crystallization ;  each  takes  the 
form  imposed  on  it  by  its  growing  neighbors,  and  is  allotriomorphicn  In 
specimen  90,  among  the  phenocrysts  of  feldspar,  hornblende,  and  mica 
there  are  occasional  prominent  round  grains  of  quartz  embedded  in  the 
gray  groundmass.  These  grains  of  quartz  differ  from  the  other  pheno- 
crysts in  not  being  idioniorphic.  They  lack  the  crystalline  form  peculiar 
to  quartz  and  are  said  to  be  anhedral. 

Phanerocrystulline,  cryptocrystallinej  compact,  aphanitic. — The  series 
of  terms  already  noted  designate  structures  arising  from  varying 
amounts  of  crystalline  and  amorphous  material.  There  is  still  another 
series  (besides  coarse  and  fine),  to  designate  the  size  of  the  crystallized 
grains.  When  the  particles  are  sufficiently  large  to  be  visible  to  the 
naked  eye  the  structure  i^  phanerocrystalline.  When  the  particles  are 
so  fine  lis  to  be  visible  only  with  the  aid  of  the  microscope  the  structure 
is  microcrystalline  or  cryptocrysta lime.  Very  fine-grained  igneous  rocks, 
like  fragmental  ones,  are  said  to  be  compact.  In  diabases  and  diorites 
(*>ompact  structure  has  been  called  aphanitic. 

Pegmatitic,  granophyricj  graphic. — In  granite,  quartz-i)orphyry,  and 
rhyolite,  (juartz  and  feldspar  sometimes  intercrystallize  in  xjarallel  posi- 
tions so  as  to  produce,  in  certain  sections,  a  graphic  appearance.    The 
structure  ia  pef^matiticj  granophyricj  or  graphic^  and  is  well  illustrated 
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Id  graphic  granite  (fig.  1),  of  wbich  there  is  no  specimen  in  the  collec- 
tion. When  the  strnotore  is  so  fine  as  to  be  visible  only  under  the 
microscope,  it  is  mioropegmatitic,  microffranopkyric,  or  micrograpkia, 

8phentUtea  and  UtJu^hysa. — In  some  acid  lavas  there  is  a  low  grade 
of  crystallization,  illustrated  by  specimen  62,  in  which  there  is  a  more 
or  less  distinct  radial  arrangement  of  the  crystalline  particles  and 
development  of  spheroidal  bodies  [spheruHtet).  These  are  more  dis- 
tinct under  the  microscope  between  crossed  uicolB,  when  each  is  marked 
by  a  black  crosn.  The  hollow  ephemles  {Uthophyta)  contained  in  speci- 
men 62  form  its  most  coDspicaous  feature.  The  litbopbysie  often  show 
concentric  shells,  and  are  lined  by  a  multitndeof  minute  crystals.  Like 
Bpherulites,  they  are  found  chiefly  in  acid  lavas,  espedally  in  the 
Uthoidal  form  of  rhyolite. 

MicrolUea  or  crystallites,  and  globulites, — Crystals  vary  in  size,  and  may 
be  so  small  as  to  be  visible  only  under  the  microscope.  Extremely  minute 
crystals  are  called  microlitesor  crystallites.  Feldspar  and  augite  occur  as 
microlites.  Oenerally 
microlites  are  acicu- 
lar,  or  rod-shaped, 
and,  although  crys- 
tallized and  doubly 
refracting;,  are  not 
determinable  miner- 
alogically.  Besides 
these  there  are  other 
extremely  minute 
bodies  which  do  not 
possess  crystallo- 
grapbic  form  and  do 
not  sensibly  affect 
polarized  light.  The  simplest  of  these  are  round  and  are  termed  glohu- 
lites.  They  are  common  in  tiypocrystalliue  lavas,  especially  basalt  and 
rhyolite.  Branching  hair-like  forms  are  called  triekites  and  straight 
ones  belonites. 

Concretionary,  ooHttc— The  spheroidal  forms  lately  noted  are  found 
in  igneous  rocks.  Forms  somewhat  similar,  but  of  different  origin,  are 
found  in  stratified  rocks.  Specimen  34  shows  a  piece  of  fern  embedded 
in  sand,  which  has  been  indurated  in  nodular  form  about  tbe  fern  by 
thedepositionof  carbonate  of  iron  colIcct«d  from  the  surrounding  rock. 
Such  a  structure,  formed  about  a  center  by  atlditions  to  the  outside,  is 
concretumary.  Specimens  33  and  35  also  are  concretions;  so  is  each 
of  the  many  little  round  grains  in  specimen  30,  as  well  as  in  26  and  31. 
When,  as  in  26,  they  are  abundant  and  so  small  that  the  mass  resembles 
the  roe  of  flsh,  the  structure  is  oolitic. 

8ecretionary,  geode. — A  nodule  that  is  hollow  and  lined  with  crystals, 
as  specimen  36,  ia  a  geode.    It  is  ^  secretion,  aad\&  ^orai«&  Vo. «.  <£ai^i 
Ball  150 2 
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by  coating  its  walls  and  then  gradually  making  additions  on  the  inside. 
Amygdules,  as  illustrated  in  specimen  139,  are  secretions  and  are  of  the 
same  general  character  as  the  geode. 

Shaly  structure^  slaty  cleavage^  foliated  or  schistose^  schist^  gneiss. — 
Some  flne-grained  fragmental  rocks,  whether  laminated  (17)  or  not 
(21  and  22),  may  be  much  more  easily  split  into  irregular  chips  or  plates 
parallel  to  the  stratification  than  perpendicular  to  it,  and  the  straoture 
that  renders  them  thus  fissile,  being  characteristic  of  shales,  is  oaUed 
shaly  structure.  Specimen  122  may  be  split  readily  into  thin  sheets^ 
like  roofing  slate  (122).  The  character  that  renders  such  splitting 
possible  is  called  slaty  cleavage^  since  it  is  a  common  feature  of  slate. 
Shaly  structure  is  parallel  to  the  stratification  and  is  determined  in  the 
deposition  of  the  material,  but  slaty  cleavage  may  be  parallel  or  inclined 
to  the  plane  of  stratification,  and  is  induced  by  movements  in  the  mass 
due  to  pressure  in  the  process  of  mountain  building.  (See  descriptiou 
of  specimen  122.)  Specimen  129  splits  readily  in  one  direction  and  yet 
it  possesses  neither  shaly  structure  nor  slaty  cleavage,  but  hab  what 
is  usually  denominated  foliated  or  schistose  structure.  This  flssility  is 
due  to  the  parallel,  more  or  less  lenticular  arrangement  of  foliated  and 
other  minerals.  The  plane  of  easiest  splitting  is  through  the  sheets  or 
lenses  of  the  foliated  mineral.  Foliated  structure  is  a  common  featore 
of  metamorphic  rocks,  both  sedimentary  and  igneous.  When  the 
foliated  structure  is  coarse  the  rock  is  gneiss^  and  when  fine  the  rock  is 
schist.  Formerly  the  term  gneiss  had  a  mineralogic  significance,  bnt 
here,  following  Gordon  ^  i^d  Kemp,^  the  writer  uses  it  in  a  stmctoral 
sense  only.  Gneiss  is  well  illustrated  in  the  collection  by  specimen 
128,  which  may  be  called  conglomerate-gneiss  as  well  as  metamorphic 
conglomerate.  Specimens  137  and  138  also  illustrate  gneiss,  and  129| 
131,  and  133  are  good  examples  of  schist. 

Jointing^  rhomboJiedral,  columnar, — Rocks  are  frequently  intersected 
by  divisional  planes  called  joints,  which  divide  them  into  more  or  less 
regular  bodies.  PI.  Ill  represents  jointing  in  metamorphic  rocks,  in 
which  the  several  systems  of  fissures  divide  the  rock  into  rhombohedrtU 
bodies,  illustrated  by  specimen  123.  In  igneous  rocks  the  jointing  gives 
rise  to  columns  (PI.  IV),  like  those  of  the  Giant's  Causeway  and  Fingal's 
Gave.    Specimen  103  is  a  small  column. 

METHODS  OF  PHYSICAL  ANALYSIS. 

Within  the  last  thirty  years  great  advances  have  been  made  in  the 
study  of  rocks,  especially  in  the  appliances  for  their  detailed  chemical 
and  physical  investigation  in  the  laboratory.  Chemical  analysis  gives 
the  sum  total  of  the  chemical  elements  they  contain,  but  in  most  cases 
this  does  not  disclose  the  mineral  composition  of  the  rocks  analyzed. 


»  C.  H.  Gordon,  Bull.  Geol.  Soc.  America,  Vol.  VII,  p.  122. 
*  J.  F.  Kemp,  Handbook  of  Kooks,  p.  05. 
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nor  does  it  throw  any  light  on  their  stracture,  which  is  closely  related 
to  their  origin  and  history.  For  these  we  nmst  depend  on  physical 
analysis. 

There  are  three  important  methods  of  ])artial  or  complete  physical 

analysis  of  rocks:  (1)  By  means  of  heavy  solutions,  (2)  by  means  of  an 

electro-magnet,  the  rock  in  both  cases  being  used  in  the  form  of  small 

particles,  and  (3)  by  means  of  a  polarizing  microscoi)e,  thin  sections  of 

*rock  being  used. 

The  first  method  depends  for  its  efficiency  ui)on  a  difference  in  the 
specific  gravity  of  the  minerals  composing  the  rocks,  and  is  quantita- 
tive as  well  as  qualitative;  the  second  depends  upon  the  relative  mag- 
netic susceptibility  of  the  associated  minerals;  and  the  third  depends 
upon  their  optical  properties.  The  last  is  by  far  the  most  important  and 
complete  method,  and  when  practicable  should  be  employed  first,  as  it 
will  certainly  furnish  information  of  value  in  the  application  of  the 
other  methods.  It  is  chiefiy  qualitative,  determining  the  minerals  and 
structural  elements  of  rocks,  but  afibrds  also  a  means  of  estimating 
approximately  the  quantitative  relations  of  the  minerals. 

SPBCIPIC-GBAVITY  METHOD. 

If  a  mixture  of  dry  sawdust  and  iron  filings  be  thrown  into  water 
the  sawdust  will  float  and  the  iron  filings  will  sink,  the  two  being  sepa- 
rated by  means  of  a  liquid  whose  specific  gravity  is  between  those  of  the 
mixed  substances.  Minerals  of  which  rocks  are  composed  differ  in 
specific  gravity,  and  by  employing  heavy  liquids  of  intermediate  spe- 
cific gravity  the  minerals  may  be  separated.  The  best  liquids  for  this 
purpose  readily  mix  with  water,  so  that  their  specific  gravity  can  be 
conveniently  changed  by  the  addition  or  evaporation  of  wat^er. 

Prq^ratum  of  the  materia!. — The  rock  to  be  investigated  should  be 
pulverized  by  stamping  (not  grinding)  in  a  mortar.  To  separate  the 
grains  and  dust  a  series  of  sieves  or  bolting  cloths  may  bo  used.  Those 
found  most  generally  useful  are  bolting  cloths  Nos.  10  and  16.  The 
grains  which  go  through  No.  10  and  not  through  No.  16  are  usually  of 
the  best  size  for  separation  in  the  heavy  li(]uid,  and,  having  been  rubbed, 
are  clean  and  free  from  dust 

Solutions  most  commanly  used, — Thoulot  brought  into  general  use  a 
solution  of  potassium  iodide  and  mercuric  iodide  mixed  in  the  propor- 
tions of  KI  to  Hglz  as  1  to  1.24.  With  this  solution  a  8X)ecific  gravity 
of  3.196  may  be  obtained.  It  is  readily  miscible  with  water,  and  as 
easily*  evaporated,  so  that  its  specific  gravity  may  be  conveniently 
changed  as  desired. 

Oadraium  borotungstate,  barium  mercuric  iodide,  and  methyl  iodide 
have  been  used,  but  the  separation  of  minerals  having  high  specific 
gravity  is  most  easily  attained  by  means  of  a  solution  prepared  by 
mixing  nitrates  of  silver  and  thallium  in  the  proportion  of  1  to  1. 
For  the  methods  of  preparing  the  solationa  aud  d«^xv^\io\i%  qH  \X^^ 
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apparatus  nsed,  as  veil  as  its  maDJpolation  in  makiag  the  separation, 
refereuct)  may  be  made  to  tbe  following  works: 

Mikroakopiscbe  Physiographie  der  Mineralien  and  Gesteine,  I.  Band 
(die petrographiBch  wichtigen  Mineralien),  by  H.  Boseiibasch,  tbird  edi- 
tion, pp.  226-250. 

Translation  of  the  above,  Vol.  I,  by  J.  P.  Iddings  (third  edition,  1883), 
pp.  98-107. 

Lehrbach  der  Petrograpbie,  by  P.  Zirkel,  second  edition,  YoL  I,  pp. 
94-108. 

American  Joomal  of  Science,  December,  1896,  third  series,  Vol,  L, 
p.  446. 

To  convey  a  more  definite  idea  of  this  method  uf  analysis,  a  descrip- 
tion may  be  here  infierted  of  the  Smeetli  separating  apparatus,  which 
is  illustrated  in  &g.  2. 

This  consists  of  a  wineglass-shaped  base  (a),  with  a  hnllow  standard, 
a  tnbe  (6)  to  contain  the  heavy  liquid  in  which  the  separation  takM 
place,  and  stoppers  (c  and  d)  to  close  the  npper  aod 
lower  ends  of  the  tube. 

All  of  these  separate  parts  have  ground  fittings, 

BO  as  to  be  water-tight.    To  make  a  separation, 

place  the  tube  b  in  a,  as  In  the  tfgore,  but  with 

the  stoppers  c  and  d  removed.     Fill  the  tube  b 

about  three  quarters  fhll  of  the  heavy  solatioa} 

add  the  rock  powder,  then  the  stopper  c,  and  after 

the  tube  has  been  shaken  so  as  to  thoroughly  wet 

the  powder  allow  it  to  stand  for  Be]>aration.    The 

particles  heavier  than  the  liquid  will  sink  to  tke 

bottom  and  those  lighter  will  rise  to  the  anrfhce. 

On  acconut  of  adhesion  among  the  particles  aome 

of  the  heavier  ones  will  be  lifted  to  the  top,  vhQe 

lighter  ones  will  be  pulled  down  to  the  bottoB. 

These  may  be  liberated  by  stirring  botli  portions 

at  the  same  time  with  a  small  glass  rod  inserted 

from  above.   By  repeating  the  stirring  several  Unes 

""""  it  is  possible  to  secure  a  complete  separation. 

It  will  be  readily  seen  that  by  inserting  the  stopper  d  the  toba  h, 

with  its  contents  of  heavy  liquid  and  light  material  floating  on  top, 

may  be  removed  and  the  heavy  material  washed  out  of  a  for  study. 

The  tube  b  may  be  again  inserted  in  a  and  the  stoppers  removed, 
allowing  the  heavy  liquid  to  fill  the  standard  of  a.  Distilled  water 
may  be  added  to  the  liquid  to  lower  its  specific  gravity,  so  that  the 
next  heavier  particles  will  sink  and  separate  as  before.  Thus  by  sac- 
cessive  additions  of  small  quantities  of  water  a  powdered  rock  com- 
posed of  many  minerals  diS'ering  in  specific  gravity  may  be  separated 
into  its  constituents. 
la  waking  mineral  separations  it  i 


i  especially  desirable  to  discover 
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as  closely  as  x>ossibl6  the  specific  gravity  of  the  mineral  separated,  and 
this  may  be  accomplished  approximately  by  determining  the  specific 
gravity  of  the  solution  at  the  time  of  separation.  There  are  several 
ways  of  doing  this:  (1)  By  means  of  indicators  of  known  specific 
gravity;  (2)  by  using  the  Westphal  balance;  or  (3)  by  using  Solomon's 
apparatus  for  determining  the  specific  gravity  of  liquids.  Only  the 
first  two  of  these  need  be  noticed  more  ftiUy  here. 

With  a  series  of  indicators,  the  specific  gravity  of  which  has  been 
accurately  determined,  the  specific  gravity  of  the  liquid  may  be  found 
by  placing  the  indicators  in  the  liquid.  These  indicators  may  be  suit- 
able fragments  of  minerals,  or  other  specially  prepared  material.  Those 
heavier  than  the  liquid  will  sink;  the  others  will  rise;  if  one  has  the 
same  specific  gravity  as  the  liquid  it  will  remain  suspended  and  thus 
indicate  the  specific  gravity  of  the  liquid.  If  several  such  indicators 
ara  placed  in  the  tube  with  the  powder  to  be  separated,  the  specific 
gravity  of  the  material  may  be  approximately  determined  by  compari- 
son at  the  time  of  separation. 

A  simple  but  efficient  series  of  indicators  has  been  devised  in  the 
petrographic  laboratory  of  Harvard  University,  under  the  direction  of 
Prof.  J.  E.  Wolff".  To  prepare  them ,  seal  up  by  meltin  g  at  one  end  a  num- 
ber of  short  lengths  of  small  glass  tubes;  put  in  each  a  certain  amount 
of  mercury  or  lead,  so  that  they  will  form  a  regular  series  increasing  in 
weight  from  the  lightest  to  the  heaviest;  seal  up  the  other  end  of  each, 
leaving  a  short  piece  of  platinum  wire  projecting  to  form  a  loop  or  hook 
by  which  the  indicator  can  easily  be  removed  from  the  heavy  liquid.  It 
is  best  to  make  a  large  number  of  these  at  once,  and  then  by  successive 
dilutions  of  the  heavy  solution  to  determine  the  specific  gravity  of  the 
series  by  using  the  Westphal  balance.  Thus  solutions  are  obtained  in 
which  the  minerals  remain  exactly  suspended,  and  by  measuring  with 
the  balance  the  specific  gravity  of  the  solution,  that  of  the  minerals  is 
determined. 

The  Westphal  balance,  made  by  Q.  Westphal,  of  Gella,  province  of 
Hanover,  Germany,  is  illustrated  in  fig.  3.  It  consists  of  a  base  with 
an  upright  hollow  cylinder  a,  in  which  slides  the  rod  bj  controlled  by 
the  screw  c.  On  h  is  supported  the  frame  d,  which  at  e  forms  the  ful- 
crum of  the  beam  /.  The  base  may  be  leveled  by  the  screw  ^,  and  when 
a  is  vertical  and  the  two  points  at  h  are  together  the  beam /is  horizon- 
tal. From  the  hook  k  hangs  the  sinker  I.  The  liquid  whose  specific 
gravity  is  to  be  determined  is  put  in  a  glass  vessel  m,  and  the  specific 
gravity  is  weighed  directly  by  a  decimal  seriesof  weights  and  riders  bung 
at  k  or  uxion  the  dividing  beam /between  e  and  k.  The  specific  gravity 
indicated  by  the  riders  in  the  figure,  that  at  k  having  the  value  2,  is 
2.915. 

As  the  particles  of  different  minerals  in  the  same  rock  vary  greatly 
in  size,  structure,  and  hardness,  it  is  not  to  be  expected  that  all  of  them 
will  be  present  in  the  powder  prepared  for  separation  \\i  t\i^  ^*dS£L^\f^^- 
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portion  tut  in  the  original  rock.  In  fact,  some  of  them  may  disappear 
entirely  in  the  dust  wliile  the  powder  in  preparing  for  separation. 
Upon  examination  of  the  powder  it  is  generally  fonnd  also  that  many 
of  the  grains,  instead  of  being  homogeueons,  are  composed  of  more 
tbao  one  mineral.  Fnrtbermore,  different  miuerals  may  have  the  same 
specifio  gravity.  For  these  reasons  it  m  not  possible  by  using  heavy 
liquids  to  make  accurate  mineral  analyses  of  rocks,  bnt  only  a  rongb 
approximation  of  their  mineral  composition  can  be  attained.  This 
method,  however,  affords  a  most  convenient  means  of  obtaining  sep- 
arately  considerable  qnantities  of  partionlar  rock-forming  minerals  fi:^ 
study. 
IhiQ  laminated  minerals  may  be  separated  &om  others  by  allowing 
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the  rock  powder  to  glide  gently  over  pai>er,  or  to  fall  n[>on  the  moistened 
sides  of  a  glass  funnel.  On  account  of  their  shape  they  sink  slowly  in 
water,  and  may  be  separated  to  some  extent  by  vigorously  stirring  the 
powder  in  water  and,  after  allowing  it  to  stand  a  few  moments,  decant- 
ing quickly. 

ELECTBO-MAONETIC  METHOD. 

Magnetite  may  readiiy  be  removed  from  rock  powder  prepared  na 

already  indicated,  by  passing  an  ordinary  magnet  closely  over  the 

powder  spread  out  upon  paper.    With  a  mncli  stronger  magnet^-an 

electro- mafn^et — a  number  of  other  minerals,  such  as  amphibole,  pyr- 

oxene,  oliviue,  epidote,  garnet,  etc.,  having  considerable  iron  in  their 
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ooinx)ositioii,  may  be  lifted  from  the  paper  and  thus  separated  from 
feldspar,  quartz,  and  other  nonmagnetic  minerals.  By  varying  the 
magnetic  moment  of  the  instrument  the  iron-bearing  minerals  may  be 
more  or  less  completely  separated  from  one  another. 

MIOBOSOOPIO  METHOD. 

As  minerals  differ  among  themselves  in  the  forms  of  their  crystals, 
so  also  they  differ  in  their  effect  on  light  which  passes  through  them. 
The  optical  properties  of  minerals  are  directly  dependent  on  crystallo- 
graphic  relations,  and  afford  especially  valuable  data  for  their  deter- 
mination in  rocks. 

Petrographic  microscopes  are  arranged  with  reference  to  studying 
rocks  by  transmitted  ordinary  and  polarized  light  so  that  the  optical 
properties  of  their  component  minerals  may  be  discovered. 

In  the  accompanying  cut  (PI.  Y)  is  shown  such  a  microscope,^  a 
description  of  which  is  here  given. 

The  screw  supporting  the  arm  between  the  pillars  allows  the  instrument  to  be 
inclined  at  any  angle.  The  main  tube  is  provided  with  a  cloth  lining,  into  which 
the  drawtnbe  carrying  the  ocular  is  fitted.  There  is  a  coarne  adjustment  by  rack 
and  piniouy  and  a  fine  adjustment  by  a  micrometer  screw.  The  mirror  is  both  flat 
and  concave  and  the  miiTor-bar  is  adjustable. 

Coming  now  to  the  peculiarly  petrographical  features,  we  have  the  lower  nicol- 
prism,  or  polarizer,  inclosed  in  a  cylindrical  metal  box,  both  ends  of  which  are  pro- 
tected by  glass.  This  box  is  capable  of  a  complete  revolution,  and  is  provided  with 
a  graduated  silvered  circle  and  index.  It  is  held  by  a  cylindrical  frame,  in  which 
it  may  be  raised  or  depressed  at  will  by  a  rack-and-pinion  movement.  This  frame 
is  attached  to  the  under  side  of  the  stage  by  a  swinging  arm,  so  that  the  whole  polar- 
izing apparatus  may  be  thrown  to  one  side  if  desired.  A  strong  compound  lens  may 
be  screwed  upon  tlio  upper  end  of  the  polarizer  whenever  strong  illumination  or 
converged  polarized  light  is  needed. 

The  circular  stage  (9.5  cm.  in  diameter)  is  provided  with  a  beveled  silvered  edge, 
graduated  to  degre<>s.  Upon  this  Ih  mounted,  for  smooth  and  concentric  revolution, 
the  admirable  mechanical  stage  known  in  the  manufacturers'  catalogue  as  No.  1052. 
This  carries  an  index  for  reading  the  graduated  circle,  and  is  also  provided  with 
silvered  graduations  for  its  two  rectangular  movements,  whereby  any  point  within 
a  section  can  be  readily  located.  The  upper  sliding  bar,  which  carries  the  object, 
has  been  shortened,  so  as  to  be  flush  with  the  revolving  stage  only  when  pushed  to 
its  extreme  limit  on  either  side.  With  this,  square  or  short  rectangular  glasses  must 
be  used  for  mounting,  which  will  avoid  any  interference  with  the  revolution  of  the 
stage. 

Into  the  nose  piece,  just  above  the  objective,  is  an  opening,  intended  to  receive 
the  four  following  accessories,  each  mounted  in  a  separate  brass  frame:  (1)  A  Ber^ 
trand  lens  for  magnifying  the  interference  figures ;  (2)  a  quartan' undulation  mica 
plate;  (3)  a  quartz  wedge;  (4)  a  Klein  quartz  plate  or  a  gypsum  plate,  with  red  of 
the  first  order. 

The  centering  of  the  various  objectives  is  secured  by  two  screws,  having  motions 
at  right  angles  to  each  other. 

The  upper  nicol-prism,  or  analyzer,  is  inserted  in  the  tube,  in  order  to  avoid  the 
diminishing  of  the  size  of  the  field,  which  is  unavoidable  when  the  prism  is  placed 
over  the  ocular  as  a  cap.    To  accomplish  this,  and  at  the  same  time  to  keep  the 


> lianufactared  by  the  Bftusch  &,  Lomb  Optical  Company,  'BLoc^e«\At^^v«iXQX>L. 
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tabe  dast-tighty  the  niool  is  inclosed  in  one  side  of  »  donble-chambered  box.  The 
other  side  is  left  vacant,  and  the  fiox  may  f>e  slid  to  an<l  fro  as  ordinary  or  polarized 
Ught  is  desired.    A  metal  Hheath  protects  this  box  firom  above.' 

For  the  microscopic  study  of  rocks  the  material  is  best  prepared  in 
the  form  of  thin  sections. 

Preparation  of  thin  sections. — For  the  preparation  of  thin  sections  of 
rock,  a  thin  but  strong  chip  about  as  large  as  a  25-cent  piece  is  selected. 
The  chip  is  held  in  the  hand  and  ground  smooth  on  one  side.  The 
grinding  may  be  done  on  a  fine  sandstone,  emery  stone,  whetstone,  or 
iron  plate  on  which  emery,  first  coarse  (So.  70)  and  finally  fine  (flour), 
is  used  to  make  the  surface  perfectly  smooth.  It  is  much  more  con- 
venient, however,  and  less  laborious  to  grind  on  a  revolving  iron  plate 
mounted  on  the  top  of  a  vertical  axis  to  which  power  is  applied  by  the 
foot  or  firom  some  other  source. 

After  making  a  smooth  plane  surfoce  as  large  as  the  chip  will  permit, 
cement  it  with  Canada  balsam  to  a  piece  of  heavy  glass  about  1  inch 
square  in  the  following  manner.  Place  the  square  glasses  and  ground 
chii>s  on  a  small,  gently  heated  brass  table.  When  the  chips  are 
thoroughly  dry,  place  on  the  glasses  some  balsam,  hardened  by  evap- 
orating part  of  the  turpentine,  and  press  the  flat  side  of  the  chips  on 
the  glasses,  so  as  to  remove  all  bubbles  of  air.  When  cooled,  the  chips 
should  adhere  firmly  to  the  glass. 

A  cement  which  is  preferred  by  some  to  Canada  balsam  is  obtained 
by  slowly  melting  together  a  mixture  of  16  parts  by  weight  of  viscous 
Canada  balsam  and  50  parts  of  shellac  and  keeping  them  heated  for 
some  time.  The  mass,  as  it  completely  cools,  may  be  drawn  out  in 
strings  and  rolled  between  the  hands  into  convenient  rods  about  1  cm. 
thick  and  20  to  30  cm.  loug. 

Holding  the  chip  by  means  of  the  thick  glass,  after  mounting  as 
above  described,  grind  down  its  other  side  carefully  until  the  rock  shows 
signs  of  breaking  away.  The  glass  should  be  thick,  so  as  not  to  bend, 
and  should  be  pressed  evenly,  so  that  the  section  may  be  ground 
uniformly  throughout.  Finer  emery  (No.  120)  should  be  used  toward 
the  last,  on  a  i)erfectly  flat  iron  plate,  and  for  the  final  grinding  the 
finest  washed  emery  (No.  FFFF),  on  a  smooth  glass  plate,  until  the 
section  is  completely  transparent. 

The  extra  balsam  around  the  section  should  be  removed  with  a  warm 
knife  blade  and  the  section  thoroughly  cleaned  by  washing  it  first 
in  alcohol  with  a  soft  camel's  hair  brush,  and  finally  with  clean  water. 
It  is  then  put,  section  upward,  in  a  shallow  bath  of  turpentine  for  some 
hours,  until  the  balsam  is  dissolved  and  the  thin  section  completely 
loosened  from  the  thick  glass.  After  removal  from  the  bath  it  is  care- 
fully washed  again,  to  prepare  it  for  transfer  to  a  thinner  glass.  The 
thoroughly  cleaned  object-glass  on  which  the  section  is  to  be  finally 


■Copied  from  a  paper  on  a  new  petrographic  microscope  of  American  manufactare,  by  the  late 
-ftwi: a  B.  WiUiMm^:  Am.  Jour.  Sci.,  Feb..  1888,  3d  aeries.  voL  XXXV.  pp.  114-117. 
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moDuted  is  placed  on  a  small  table  as  before,  and  a  drop  of  balsam  is 
placed  OD  it  from  tbe  bottle  (fig.  4)  by  presaiug  the  rabber  bulb.  The 
sections  are  then  carefiilly  traDsferred  by  sliding  tbem  vith  moonted 
Deedles  l^m  the  thick  glass  to  the  drop  of  balsani.  Tbe  balsam,  heated 
by  a  lamp  beneath  the  table,  becomes  more  liquid,  and  the  section  is 
manipulated  by  tbe  monnted  needles  nntil  all  parts  of  it  above  and 
below  are  covered  with  balsam  aud  all  bubbles  are  removed.  Babbles 
are  easily  removed  by  pricking  them  with  a  heated  needle.  When  the 
balsam  has  been  evaporated  snfficieutly,  a  bit  of  it  removed  by  a  moaut- 
ing  needle  will  not  adhere  to  the  thamb-nail  if  applied  while  yet  HoeDt. 
It  mast  be  heat«d  gently  aod  not  too  long,  else  it  will  become  too 
brittle.  The  thin  cover  glasses,  having  been  thoronghly  cleaned  with 
alcohol  and  water,  are  then  put  on  the  section  and  pressed  down  gently, 
so  as  to  squeeze  oat  the 
superfluous  balsam, 
which,  alter  cooling,  is  re 
moved  and  the  cover  sfc 
tion  cleaned  as  before. 

Oriented  and  other  sec- 
tions are  often  desired  of 
rocks  which  may  not  be 
chipped.  In  such  cases, 
to  obtain  a  slice  for  grind- 
ing, it  is  necessary  to  have 
a  rock  saw.  An  appara- 
tus combining  both  »aw 
and  grinding  disk  with 
motive  power  was  devised 
by  tbe  late  Prof.  George  H.  Williams,  It  contains  a  storage  battery 
and  an  electric  motor,  a  grinding  disk,  an  emery  wheel,  and  a  diamond 
saw.'  Diamond  saws  may  be  made  by  taking  a  flat  circular  sheet-tin 
(tinned  iron)  disk  (i  or  8  inches  in  diameter  aud  placing  it  in  a  vise 
between  flat  wooden  disks,  allowing  the  tin  to  project  oue- fourth  of  an 
inch  all  around.  Place  a  knife-edge  across  that  of  the  tin  disk  at  an 
angle  of  abont  15  to  20  degrees  and  strike  it  a  blow,  so  as  to  cut  a 
nick  an  eighth  of  an  inch  deep  into  the  edge  of  tbe  disk.  Repeat  this 
operation  until  the  entire  periphery  of  the  tin  disk  has  been  notched 
or  nicked,  the  nicks  to  be  about  one-tenth  of  an  inch  apart,  cut  in 
directions  which  may  vary  in  different  quadrants  of  tbe  disk.  While 
nicks  in  the  same  quadrant  of  the  disk's  edge  should  be  parallel,  those 
of  adjacent  quadrants  should  be  nearly  perpendicular  to  each  other. 
Mix  diamond  dust  or  bort  with  a  little  oil  to  make  it  adhere,  and  iill 
the  nicks,  using  a  small  pointed  stick.  Lay  the  edge  of  the  tin  disk  on 
a  flat  iron  anrl  hammer  gently  on  the  sides  along  the  edge,  so  as  to 
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eloae  the  nicka  and  bold  the  diamond  dost.     If  the  dust  is  deeply 
boried  in  the  nick  the  saw  will  not  cat  at  first 

A  yery  serviceablo  saw  may  be  made  of  annealed  iron  wire,  as  iUns- 
trated  in  fig.  5.  o  is  an  endleM  wire  (gaage  16)  running  over  two 
pnlleys,  a  and  b,  IS  inches  in  diameter.  To  the  lower  pnlley,  b,  the 
power  is  applied  by  a  shaft.  These  pulleys  at  work  shoatd  make  about 
250  revolations  a  minate.  The  upper  one  is  palled  up  on  a  sliding 
trame  by  the  weight  and  cord  g,  to  keep  the  wire  stretched.  The  ends  of 
the  wire  must  be  carefiilly  soldered  together  and  filed  smooth.  Water 
slioold  be  dropped  by  the  tnbe  i 
where  the  specimen  to  be  cat  is 
pressed  against  the  wire,  wbich  may 
be  sapplied  with  emery  by  the  fin- 
gers of  the  operator.  The  wire 
may  be  used  as  a  scroll  saw  and  a 
slice  may  be  tbas  cat  oat  of  the 
middle  of  the  specimen.  This  saw 
has  been  saccessfally  used  in  the 
petrographic  laboratory  of  the 
United  States  Geological  Survey 
for  the  last  seven  years. 

In  the  same  laboratory  the  grind- 
ing apparatus  represented  in  fig.  6 
has  been  found  equally  sucoessfhl. 
The  cast-iron  frame  a  carries  the 
steel  spindle  b,  to  which  is  screwed 
on  top  the  cast-iron  plate  e,  12} 
iuches  in  diameter.  The  plate  re- 
volves when  at  work  about  1,200 
times  a  minute,  in  a  box,  d  d,  and  is 
underlaju  by  a  block  of  same  size, 
e,  to  prevent  emery  from  getting  to 
the  spindle.  Separate  plates  may 
Fio.  B.-WIM  «w.  uniw  st>u»  o«iogi«i  l>6  kept  foTcoarse  and  fine  grinding, 
sarv«:r.  o.ft.puiieysirfthVgrDOTBie.BiidieM  and  a  buff  wheel  maybe  fitted  to 
the  same  spindle  for  i>oIishing.  For 
grinding  and  polishing  large  speci- 
mens for  exhibition  a  larger  plate  may  be  used. 

Soft,  porous  material  may  be  hardened  by  beating  it  iu  Canada 
balsam,  aod  when  cooled  a  section  may  be  made  as  already  indicated. 
Bock  powder  may  ia  many  cases  be  most  conveiiieDtly  studied  by 
mouDtiog  it  between  a  glass  slide  and  cover  in  a  drop  of  water.  To 
study  the  internal  structure  and  optical  properties,  one  mast  avoid  the 
total  reflection  from  the  surface  of  the  particles,  and  it  is  better  to 
mount  the  powder,  which  should  be  of  nearly  uniform  size,  in  a  sub- 
stance  whose  index  of  refraction  is  nearly  the  same  as  that  of  tlie 
powdered   mineral.     For  this  putiM>8e   glycerin  (n  =  1.46^,  Canada 
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balsam  (n  =  l.^),  aud  a  concentrated  solution  of  iodide  of  ])otassiiim 
and  mercury  (n  =  1.73)  have  been  used,  but  for  preservation  Canada 
balsam  is  preferred.  To  secure  a  uniform  distribution  of  the  powder 
in  the  balsam,  put  a  thin  film  of  solid  balsam  on  the  central  portion  of 
the  slide  and  spread  the  powder  properly  on  it,  then  upon  heating  it 
slightly  the  x)owder  will  adhere.  It  can  then  be  covered  with  balsam 
dissolved  in  ether  or  chloroform  and  furnished  with  a  glass  cover. 

Three  of  the  methods  of  physical  analysis  by  means  of  which  rocks 
may  be  separated  more  or  less  completely  into  their  mineral  (compo- 
nents have  been  given  in  the  preceding  pages.  In  applying  the  first 
and  second  of  these  methods,  the  observer  discovers  some  of  the 
important  properties  of  the  minerals  by  which  they  are  distinguished 
from  one  another,  but  their  final 
determination  generally  depends 
largely  upon  the  microscopic  and 
optical  study  of  the  separate 
grains. 

The  third  method,  .the  micro- 
scopic  method  of  rock  analysis,  is 
by  far  the  most  comprehensive,  and 
affords  the  most  valuable  means  of 
discovering  not  only  the  mineral 
comi)osition  but  also  the  structure 
of  rocks,  aud  throws  much  light 
upon  their  genesis  and  history.  To 
apply  it  successfully  it  is  neces- 
sary to  know  something  of  minerals, 
especially  of  their  optical  proper 
ties.  In  the  succeeding  chapter  are 
given  brief  descriptions  of  the  minerals  which  play  a  part,  more  or  less 
important,  in  any  of  the  rocks  of  the  series.  Only  brief  mention  is 
made  of  their  optical  properties. 

Full  and  systematic  accounts  of  rock-making  minerals  may  be  found 
in  the  works  of  Dana,^  Kosenbusch,^  Zirkel,^  and  Fouque  and  Michel 
Levy.* 

For  the  convenience  of  English  and  American  students  an  excellent 
translation  of  Kosenbusch  has  been  made  by  Prof.  J.  P.  Iddiugs.^' 

THE  PRINCIPAL  ROCK-MAKING  MINERALS. 

Although  there  are  over  800  species  of  minerals,  there  are  only  about 
100  which  enter,  to  any  considerable  extent,  into  the  composition  of 
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Fio.  6.— Grinding  appara'^UB,  Uuited  Staten  Geo- 
logical Sarvey. 


■System  of  Mineralogy  of  J.  D.  Dana,  6th  ed.,  by  Edward  S.  Dana;  New  York,  1892. 

'Mikroskopiache  Phyniographie  der  Mineralien  and  Gesteine,  von  H.  Rosenbiisch;  Band  I:  Die 
petrographiach  wicbtigen  liinernlien ;  1892. 

•Lehrbacb  der  Petrographie,  von  Dr.  Ferdinand  Zirkel ;  Vol.  I ;  Leipzig,  1893. 

*Min6ralogie  micrograpbiqae,  Roches  ^ruptives  fran^aises,  par  Fouqu6  et  A .  Michel  I><ry ;  1879. 

*Mieroaoopical  Physiography  of  the  Rock-making  MineraU;  An  Md  \tv  V\ve>  '^Vxv^^*  o^  ^^^joc\w^^\rs 
H.  Roeenbiiaob ;  inmalated  and  abridged  for  Use  in  Schools  and  CoiKiesea  \>^  SosepYi  V  A'\^Nxi%%\  '^Xi^'c^ 
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rocks,  and  scarcely  a  score  of  them  are  of  prime  importance  as  rock 
constitaents.  Rock-making  minerals  have  been  variously  classified 
according  to  their  conditions  and  the  part  they  play  in  the  constitution 
and  history  of  rocks. 

Those  minerals  whose  presence  is  necessarily  implied  in  the  defini- 
tion of  the  rock  are  essential  minerals,  while  the  others  present  are 
nonessential  or  accessory.  This  is  well  illustrated  by  granite,  of  which 
the  essential  minerals  are  quartz,  orthoclase,  and  a  ferromagnesian  sili- 
cate. They  are  always  present,  otherwise  the  rock  would  not  be 
granite.  Apatite,  magnetite,  titanite,  and  a  number  of  other  minerals 
are  accessory  in  granite,  because  they  may  be  present  or  absent  with- 
out affecting  the  kind  of  rock. 

Minerals  present  in  the  rock  at  the  time  of  its  origin  are  original 
or  primary  minerals.  The  others  now  present  are  secondary  minerals, 
in  that  they  originated  in  the  rock  after  it  was  formed.  Secondary 
minerals  may  originate  within  a  rock  either  from  the  alteration  of 
primary  minerals  or  from  the  accession  of  new  material  from  without. 
Orthoclase,  which  is  an  original  constituent  of  granite,  is  frequently 
altered  to  muscovite,  quartz,  and  kaolin,  all  of  which,  when  so  derived, 
are  secondary  minerals.  A  granite  may  contain  at  the  same  time  not 
only  the  essential  and  original  quartz  and  muscovite,  but  also  some 
secondary  quartz  and  muscovite  which  have  resulted  from  the  altera- 
tion of  the  feldspar. 

The  mineral  matter  of  rocks  is  in  one  of  two  conditions,  either  amor- 
phous or  crystalline.    The  amorphous  condition  arises  in  the  solidifica- 
tion of  matter  from  a  molten  or  gelatinous  state  under  such  circum- 
stances as  prevent  its  crystallization.    In  this  way  glasses  and  opals  . 
are  produced. 

The  degree  of  crystallization  in  solidification  from  a  molten  condition 
depends  chiefiy  on  the  rate  of  cooling.  If  very  sudden,  practically  all 
the  material  becomes  glass,  but  in  other  cases,  where  the  cooling  is 
slower,  some  of  the  matter  crystallizes,  and  the  amount  that  becomes 
glass  grows  less  and  less  as  the  rate  of  cooling  decreases.  It  follows 
that,  if  allowed  to  cool  slowly  enough,  all  the. mineral  matter  will  crys- 
tallize and  the  rock  will  become  holocrystalline.  While  many  lavas, 
like  pumice  (59),  obsidian  (60),  and  perlite  (61),  are  glassy,  and  others, 
like  nevadite  (64)  and  dolerite  (105),  are  holocrystalline,  a  large  num- 
ber of  volcanic  rocks,  like  many  basalts,  andesites,  and  rhyolites,  con- 
tain more  or  less  glassy  material.  The  chemical  composition  of  the 
glassy  material  found  in  rocks  varies  greatly,  not  only  in  its  original 
constitution,  but  in  proi)ortion  to  the  degree  of  crystallization  in  the 
solidification  of  the  lava.  Under  the  microscope  between  crossed  nicols 
glass  is  seen  to  be  isotropic  and  generally  to  contain  minute  but  more  or 
less  distinct  crystals. 

Opal  is  hydrated  silica;  composition,  SiOg-f  aq.  Like  glass,  it  is 
wholly iaotropiCf  unless  affected  by  internal  strains  which  give  it  auom- 
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alons  doable  refraction.  Hardness,  5.5  to  6 ;  specific  gravity,  2.2 ;  infusi- 
ble, and  so  distingaishable  from  glass,  which  is  fusible.  It  forms  irreg- 
ular patches,  strings,  and  veins,  as  well  as  pseudomorphs  after  various 
minerals,  in  altered  acid  eruptive  rocks.  Its  most  important  occurrence 
is  in  siliceous  sinter  dex)Osited  by  many  hot  springs  and  geysers  (23),  and 
in  silicified  wood  (37). 

In  the  following  list  are  given  the  minerals  commonly  found  in  rocks, 
but  it  mast  not  be  supposed  that  all  are  equally  important  and  abun- 
dant. The  most  important  mineral  of  unaltered  sedimentary  rocks  of 
mechanical  origin  is  quartz,  on  account  of  its  ability  to  withstand  attri- 
tion, as  well  as  its  resistance  to  solvents,  both  chemical  and  organic. 
Calcite  and  dolomite,  although  of  no  importance  amoug  sedimentary 
rocks  of  mechanical  origin,  are  of  greater  importance  than  quartz  in  the 
unaltered  sedimentary  rocks  of  chemical  and  organic  origin.  Among 
the  igneous  and  metamorphic  rocks,  quartz,  the  feldspars,  nephelite, 
leucite,  the  amphiboles,  the  micas,  the  pyroxenes,  and  olivine  are  the 
most  important  rock-making  minerals,  and  are  generally  regarded  as 
of  prime  significance  in  their  classification.  Magnetite,  zircon,  and 
titanite  are  of  somewhat  less  importance,  while  the  scapolites,  garnet, 
tourmaline,  topaz,  epidote,  andalusite,  cyanite,  sillimanite,  staurolite, 
chlorite,  talc,  and  serpentine  are  of  nearly  equal  importance. 

MINERALS  ILLUSTRATED  BY  THIS   SERIES   OF  ROCK  SPECIMENS. 

The  minerals  of  the  succeeding  list  are  arranged  according  to  their 
systems  of  crystallization,  which  bring  together  generally  those  having 
simUar  optical  and  other  properties. 


iBomeirio  ayaiem. 

Pyrite. 

Ij'iuorite. 

Hailynite. 

Magnetite. 

Garnet. 

Noselite. 

Chromite. 

Leucite. 

Analcite. 

Spinel. 

Sodalite. 

Tetragonal  system. 

Perofskite. 

Rutile. 

Zircon. 

Jfexaffonal  system. 

Graphite. 

Quartz. 

Apatite. 

Pyrrhotite. 

Tridymite. 

Nephelite. 

Hematite. 

Calcite. 

Cancrinite. 

flmenite-leucoxene. 

Dolomite. 

OrthorKombic  system. 

Tourmaline 

Marcasite.  Pyroxenes  (orthorhombic).  Phrenite. 

Andaluflita  and  Cliiastollte.  Olivine.  Talc. 

Topaz.  Fayalite. 

Staurolite.  Zoiaite. 
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Oypsani. 

Pyroxenes  (monoclinic). 

Amphiboles. 

Biioae. 


Monoclinic  8y$iem. 

Chlorite. 
Epidote. 
AUanite. 
Titanite. 


Zeolites. 

Feldspars  (monoclinio). 


Feldspars  (triclinio). 


Serpentine. 
Kaolin. 


THolinio  gyatom. 
'    Miorocline.  Plagioclase. 

Homogeneous  aggregatee, 
Glauconite.  Limonite. 

MINERALS  OF  THB  ISOMETRIC  SYSTEM. 


Pyrite. — Disnlpbide  of  iron.  Oomposition,  FeS2.  Isometric.  When 
well  crystallized,  usaally  appears  in  the  form  of  cubes  or  pentagonal 
dodecahedrons.  Fine-granular,  sometimes  radially  fibrous,  forming 
nodules*  Brittle;  hardness,  6  to  6.6.^  Specific  gravity,  4w8  to  5.2. 
Luster,  metallic;  color,  pale  brass-yellow.  Streak,  grayish  black. 
Opaque.  Before  the  blowpipe  on  charcoal  or  in  a  closed  tube  gives 
off  sulphurous  odors  and  becomes  magnetic.  Often  occurs  as  crys- 
tals and  grains,  rarely  in  large  masses.  In  many  rocks,  both  6edimen- 
tary  and  igneous,  but  is  always  an  accessory  constituent.  It  is  read- 
ily distinguished  by  its  color,  hardness,  and  chemical  reaction.  It 
occurs  as  small  grains,  generally  microscopic,  in  minette  (91),  campton- 
ite  (92),  diorite  (93),  garuetiferous  gabbro  (109),  and  hornblende-schist 
(131).  Marcasite  (page  37)  is  essentially  like  pyrite  in  all  respects 
excepting  crystallization  and  its  easier  alterability.  Instead  of  being 
isometric,  it  is  orthorbombic. 

Magnetite. — Magnetic  oxide  of  iron.  Composition,  Fe304.  Isometric, 
octahedrons  common,  dodecahedrons  less  common,  and  generally  occurs 
in  irregular  grains.  When  massive,  often  granular.  Hardness,  5.5  to 
6.5.  Specific  gravity,  4.9  to  5.2.  Color,  iron  black.  Streak,  black. 
Opaque.  Strongly  magnetic.  Magnetite  occurs  occasionally  in  large 
deposits,  and  is  mined  as  a  valuable  ore  of  iron.  It  is  one  of  the  most 
widely  distributed  accessory  constituents  of  igneous  and  metamorphic 
rocks,  in  which  it  occurs  as  microscopic  crystals  and  grains.  Being 
strongly  magnetic  it  is  readily  recognized.  It  forms  the  whole  of 
specimen  146,  but  in  most  of  the  other  metamorphic  and  igneous  rocks 
it  can  not  be  seen  without  the  aid  of  the  microscope  unless  the  rock*  is 
powdered  and  brought  under  the  influence  of  a  magnet,  when  the  little. 


^The  scale  of  hardnesB  by  Mohs  and  that  of  ftuibiiity  by  Von  Kobell,  used  in  these  descriptions,  are 
as  follows : 

Hardnegs.—l.  Talc.  2.  Gypsnm.  3.  Caloite.  4.  Flnorite.  5.  Apatite.  6.  Feldspar.  7.  Quarts. 
8.  Topaz.    9.  Corundum.     10.  Diamond. 

Fusibility.  — I.  Stibnite:  fusible  in  the  flame  of  a  candle  in  large  fragments ;   2.  Katrollte:  ftisible 

iu  the  flame  of  a  candle  in  small  fragments;  3.  Almandite  garnet:  infaslble  in  the  flame  of  a  oaodle, 

but  easily  fusible  before  a  blowpipe,  even  in  somewhat  large  pieces ;  4.  Green  actinolite :  fusible  before 

tbe  blowpipe  in  rather  fine  splinters ;  5.  Orthoclase:  fusible  before  the  blowpipe  in  finer  splinters; 

A  Bronzite:  before  the  blowpipe  becomes  roonded  only  on  the  finest  points  and  thinnest  edgea. 
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graiDS  of  magnetite  will  leap  forth.  Grains  of  magnetite  resemble 
ehromite  and  ilmenite,  but  may  be  distinguished  from  tbem  by  tbe 
strong  magnetism  and  the  lack  of  definite  blowpipe  reaction  showing 
the  presence  of  chromium  or  titanium. 

Chromite. — Isometric,  generally  in  regular  octahedrons.  Composi- 
tion, FeGr204.  Oolor,  black,  but  in  thin  sections  by  transmitted  light, 
brown.  Hardness,  5.5.  Specific  gravity,  4.3  to  4.5.  It  commonly 
occurs  in  serpentine  and  olivine  and  is  closely  related  to  picotite,  from 
which  it  differs  chiefly  in  the  amount  of  chromium  it  contains.  It 
occurs  in  the  olivine  of  saxonite  (114)  and  in  serpentine  (145). 

Spinels. — The  spinels  are  aluminous  minerals  whose  crystals  are 
regular  octahedrons.    The  common  varieties  are  given  in  the  table: 

The  common  varieties  of  spinel. 


Spinel.... 
Pleoniwte. 
Hercynite 
Picotite... 


Formula. 


Color. 


Specific 
gravity. 


Red !    3.5-4.1 

3.6 


MgAljO* 

(MgFe)(  AlFe),04 Dark  green 

t 

FeAl«04 '■  Dark  green 

(FeMg)0( AlCr),04 Yellowish  brown 


3.9 
4.0 


IL 

8 
8 

8 


The  first  two  occur  most  commonly  in  gneiss,  while  the  laet,  occurring 
in  eruptive  rocks,  is  generally  enveloped  by  olivine.  All  the  spinels 
are  accessory  minerals,  usually  small,  but  unchangeable,  for  they 
remain  perfectly  fresh  in  rocks  whose  other  minerals  are  decomposed. 
Although  the  spinels  occur  in  many  of  the  rocks  of  the  collection,  they 
are  most  common  in  the  olivine  of  the  basalts  and  peridotites,  but  are 
visible  only  in  thin  sections  with  the  aid  of  the  microscrope.  Picotite 
occurs  in  the  olivine  of  quartz-basalt  (101)  and  olivine  nodules  (104), 
and  pleonaste  has  been  observed  in  cortlandite  (113). 

Fluarite. — Calcium  fluoride.  Gomx)Osition,  CaFz.  Isometric  crystals, 
usually  cubical.  Hardness,  4.  Si>ecific  gravity,  3.1  to  3.25.  Luster, 
vitreous.  Color,  various,  usually  bright,  making  pretty  cabinet  8i)eci- 
mens.  Occurs  generally  in  veins,  and  rarely  in  small  particles  as  an 
accessory  constituent  of  rocks,  as  in  the  biotitegranite  (67)  of  Platte 
Canyon,  Colorado. 

Garnets, — Silicates  of  aluminum,  iron,  manganese,  chromium,  calcium, 
and  magnesium.    The  principal  varieties  are  given  in  the  table: 

The  principal  varieties  of  garnet. 


Grooanlarite . . . 

Almandite 

Melanite 

CofDmon  gani0t 

Speaaartite 

Pyropa 


Formula. 


CaiAl,Si,0u 

Fe,Al«SiAs 

Ca,Fe,Sl,0„ 

laomorpboiM  mixtnre  of  three  above. 


Mn»Al,Sl«0]s. 
Mg^l,Si,0|,. 


Color. 


A 


Pale  green  or  yellow. . 

Red 

Black 

Reddish   brown,    yel- 
lowish red. 

Red  or  yellow 

Blood-x«d. 


Specific 
gravity. 


3. 4-3. 75 

3.S-4.3 

3.6-4.3 


3.7-4.3 
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Isometric  crystals,  usually  rhombic  dodecahedrons.  Hardness,  6.5  to 
7.5.  Loster,  Titreons-resinoas.  Transparent.  Sometimes  massive,  form- 
ing garnet  rock.  As  an  accessory  constituent  it  occurs  nsnally  in  crys- 
tals in  altered  rocks,  both  eraptive  and  sedimentary.  In  the  collection, 
crystals  of  common  garnet  appear  in  garnetiferoas  gabbro  (109),  mica- 
schist  (130),  and  garnetiferoas  hornblende-schist  (141).  PyToi)e  appears 
in  kimberlite  (112). 

Leueite. — Silicate  of  alominam  and  potassium.  Composition,  KAl- 
Si206.  Probably  isometric,  with  the  characteristic  roundish  crystals 
icositetrahedral,  generally  in  grains,  rarely  massive,  granular.  Hard- 
ness, 5.5  to  6.  Specific  gravity,  2.4  to  2.5.  Luster,  vitreous.  Color,  white 
or  gray.  Translucent  to  opaque.  Infusible,  but  decomposed  without 
gelatinization  by  hydrochloric  acid.  Resembles  analcite,  but  distin- 
guished by  infiisibility  and  greater  hardness. 

In  thin  sections  under  the  microscope  leueite  is  polyhedral  or  round. 
Small  crystals  are  practically  isotropic,  but  larger  ones  show  compli- 
cated twinning  lamellae  between  crossed  nicols,  and  frequently  contain 
numerous  inclusions  arranged  in  zones.  Leueite  is  known  only  in 
igneous  rocks,  chiefly  in  volcanics.  It  occurs  in  orendite  (72),  where, 
although  abundant,  it  can  be  seen  only  in  the  thin  section  with  the 
microscope. 

Sodalite. — Chlorosilicate  of  aluminum  and  sodium.  Composition, 
Na4Al3ClSi30i2.  Isometric.  Crystals  dodecahedral  or  octahedral. 
Hardness,  5.5  to  6.  Specific  gravity,  2.1  to  2.3.  Luster,  vitreous.  Color, 
blue,  greenish,  or  gray.  Easily  and  completely  soluble  in  hydrochloric 
acid.  On  standing,  gelatinous  silica  separates  out,  and  when  the  solu- 
tion is  evaporated  crystals  of  common  salt  appear.  Heated  in  a  closed 
tube,  blue  varieties  become  white.  Before  the  blowpipe,  at  3.5  they 
fuse,  with  intumescence,  to  a  colorless  glass. 

Under  the  microscope,  cross  sections  of  its  crystals  are  quadratic  or 
hexagonal,  and  appear  isotropic,  with  a  low  index  of  refraction.  Soda- 
lite  occurs  chiefly  in  granular-crystalline  igneous  rocks  of  the  nephelite- 
leucite  series.  It  occurs  in  some  parts  of  pulaskite  (74),  and  also  in  the 
nephelite-syenite  (77)  of  Litchfield,  Maine,  where  its  small  blue  grains 
may  be  seen  occasionally  in  a  hand  specimen. 

Raiiynite  and  noaelite, — Sulphureto-silicate  of  aluminum,  sodium,  cal- 
cium. Composition,  an  isomorphous  mixture  of  NasM3(S04)Si30i2 
and  Na3CaAl3(S04)Si30i2.  The  members  rich  in  sodium  are  called 
no8€l%t€j  while  those  rich  in  calcium  are  called  ha'uynite.  Isometric 
crystals  as  in  sodalite.  Hardness,  5.5  to  6.  Specific  gravity,  2.3  to 
2.5.  Color,  blue,  gray,  red,  or  various.  Heated  in  a  closed  tube,  unlike 
sodalite  it  retains  its  color,  but  before  the  blowpipe  at  4.5  it  fuses  to  a 
white  glass. 

Both  haiiynite  and  noselite  gelatinize  easily  in  hydrochloric  acid,  and 

on  evaporation  abundant  needles  of  gypsum  are  found  in  the  case  of 

haiiyDite,  but  few  or  none  in  the  case  of  noselite.    Noselite  in  some 
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rocks  has  a  characteristic  dark  border.  Uaiiyiiite  aud  uouelite  are  fre- 
quently fidl  of  inclusions.  Haiiynite  occurs  in  the  theralite  (75)  of 
Gordons  Butte,  Montana. 

Analcite. — Hydrous  silicate  of  aluminum  and  sodiam.  Composition, 
NaAlSisOeHiO.  It  is  one  of  the  zeolites,  and,  although  sometimes  a 
primary  constituent,  in  this  series  of  rocks  it  is  always  a  secondary  min- 
eral, fi*equently  resulting  from  the  alteration  of  nephelite  or  leucite. 
It  resembles  leucite,  and  may  be  distinguished  by  fusing  at  2.5  and 
gelatinizing  in  hydrochloric  acid.  It  occurs  in  the  grouudmass  of  por- 
phyritic  theralite  (7G),  aud  possibly  also  in  camptonite  (92). 

Perofskite. — Calcium  titanate.  Composition,  CaTiOa.  Isometric. 
Crystals  generally  very  small  octahedrons  or  rounded  grains.  Hard- 
ness, i},i}.  Specific  gravity,  4.1  to  4.4.  Luster,  metallic.  Grayish 
yellow  or  brown.  Has  high  index  of  refraction  and  anomalous  double 
refraction.  It  frequently  occurs  in  melilite,  nephelite,  and  leucite 
rocks,  and  also  in  some  peridotites.  It  occurs  abundantly  in  kimberlite 
(112),  but  can  be  seen  only  with  the  aid  of  a  microscope. 

MINERALS   OF   TIIK   TKTI{A(;ONAL  8V8TEM. 

Rutile, — Titanic  oxide.  Composition,  TiO^.  Tetragonal  crystals, 
generally  prismatic  but  sometimes  in  grains,  and  also  extremely 
minute  microscopic  crystals  in  certain  schists  and  slates.  Hardness, 
6  to  G.5.  Specific  gravity,  4.19  to  4.25.  Luster,  metallic,  adamantine. 
Color,  yellow,  brownish,  or  red.  High  index  of  refraction.  Not  affected 
by  acids.  It  is  often  an  original  accessory  mineral,  but  in  other  cases 
it  appears  to  be  secondary  from  titanite  or  ibnenite.  Rutile  is  common 
in  gneisses,  mica-schist,  and  rocks  rich  in  hornblende  and  augite.  The 
hairlike  crystals  often  seen  in  quartz  are  supposed  to  be  rutile.  It 
occurs  in  the  quartzite  of  Eureka,  Nevada  (118),  the  phyllite  of  Ladies- 
burg,  Maryland  (126),  and  the  schistose  bio tite  gneiss  of  Manhattan 
Island  (132). 

Zircon. — Silicate  of  zirconium.  Composition,  ZrSi04.  Tetragonal. 
Crystals  usually  small,  square  prisms,  ending  in  pyramids.  Hardness, 
7.5.  Specific  gravity,  4.05  to  4.75.  Colorless  to  yellow,  i)ink,  violet,  or 
brownish.  Luster,  adamantine,  translucent.  Double  refraction  strong, 
with  high  index  of  refraction.  Infusible,  not  aff*ected  by  acids  exc(»i)t- 
ing  by  concentrated  sulphuric  acid  when  the  mineral  is  in  powdered 
form. 

Zircon  is  one  of  the  most  widely  distributed  original  accessory  min- 
erals in  many  igneous  rocks  as  well  as  metamorphosed  sediments. 
Like  spinel,  it  does  not  decompose  readily,  but  remains  unaltered  in 
the  residual  material  of  the  crystalline  rocks  in  which  it  was  contained. 
It  may  sometimes  be  obtained  by  washing  such  material.  It  is  con- 
tained in  hornblende-biotite-granite  (68),  nephelite  syenite  (77),  schis- 
tose biotite-gneiss  (132),  and  many  other  specimens  of  this  series. 
BuU.  160 -3 
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MINBRAI^  OF  THE   UKXAOONAL  8Y8TBM. 

OraphiU. — ^Nearly  pare  carbon.  Hexagoual  crystals,  flat  six-sided 
tables,  and  foliated  grains.  Hardness,  I  to  2.  Specific  gravity,  2.09 
to  2.23.  Luster,  metallic.  Color,  iron-black.  Opaque.  Thin  lamelLe, 
flexible,  but  not  elastic.  Feel,  greasy.  Infusible  and  not  aflectcd  by 
acids.  It  is  widely  disseminated  as  a  pigment  in  the  older  metamor- 
phic  rocks  and  occasionally  occurs  in  beds.  It  oc<;urs  in  metamorphic 
conglomerate  (128t). 

Pyrrhotite, — Sulphide  of  iron,  often  containing  nickel.  Composition, 
chiefly  FcjSa  to  FenSi2.  Irregular  opaque  grains  of  a  bronze-yellow  to 
copper- red  color  and  metallic  luster.  Magnetic,  and  thus  readily  dis- 
tinguished from  pyrite.  Occurs  in  cortlandite  (113),  but  is  usually 
microscopic;  occasionally  it  may  be  seen  among  the  scales  of  talc  in 
steatite  (142). 

Hematite, — Ferric  oxide.  Composition,  FcaOj.  Hexagonal.  Crystals 
usually  thin  hexagonal  plates.  In  transmitted  light,  blood-red.  Luster 
of  crystals  splendent,  hence  called  8i>ecular  iron.  Sometimes  irregular 
scales.  Hardness,  5.5  to  6.5.  Specific  gravity,  4,5  to  5.3.  Color,  iron- 
black  to  red.  Streak,  red.  Usually  opaque,  but  when  thin  enough  to 
be  transparent  is  blood-red  in  transmitted  light.  Is  infusible,  but 
becomes  magnetic  when  heated. 

Micaceous  hematite  and  red  hematite  of  themselves  form  rock  masses, 
often  of  large  size,  occurring  in  beds  among  the  metamorphic  rocks, 
chiefly  Archean.  Specular  iron  is  widely  distributed  as  an  accessory 
constituent  of  acid  eruptive  rocks.  It  is  one  of  the  first  minerals  to 
crystallize,  and  in  the  form  of  minute  red  scales  is  usually  included  by 
the  minerals  of  later  crystallization.  Occurs  forming  almost  the  whole 
of  specimen  121,  and  also  in  52  and  120,  as  well  as  in  many  others. 

Ilmenite, — Mainly  ferrous  titanate,  but  variable  in  comi>osition. 
Formula  commonly  FeTiOa.  Hexagonal.  Crystals  rhombohedral,  but 
generally  in  irregular  grains.  Hardness,  5  to  6.  Specific  gravity,  4.5 
to  5.2.  Color,  black  and  opaque.  Luster,  submetallic.  Streak,  nearly 
black.  Not  magnetic,  or  feebly  magnetic;  less  so  than  magnetite.  It 
frequently  alters  to  a  white  or  yellowish-brown,  strongly  refracting 
substance,  called  leucoxene,  which,  although  it  contains  titanium,  is  of 
variable  chemical  comi)Osition.  Ilmenite  is  a  widely  distributed  ingre- 
dient of  eruptive  rocks,  especially  diorite,  diabase,  gabbro,  and  perido- 
tite,  and  is  found  less  frequently  in  metamorphic  sedimentary  rocks. 
It  occurs  in  kimberlite  (112).  Leucoxene  occurs  in  aporhyolite  (136) 
and  in  the  residual  sand  of  diabase  (148). 

Quartz. — Pure  or  nearly  i)ure  silica.  Composition,  Si02.  Hexagonal. 
Six-hided  prisms  terminated  by  six-sided  pyramids.  In  eruptive  rocks 
the  prismatic  faces  are  very  short  or  altogether  absent,  so  that  the  faces 
of  the  two  terminal  pyramids  come  together,  forming  bi-]>yramidal 
crystals.  Hardness,'?.  Specific  gravity,  2.6.  Generally  colorless  in 
rock8f  but  sometimea  smoky  or  bluish. 
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Under  the  microscope  it  is  clear  and  transparent.  It  is  nnlaxially 
positive^  and  these  features  asaally  distinguish  it  from  other  minerals 
with  which  it  is  associated.  It  often  contains  numeroas  extremely 
minute  cavities  filled  with  water  or  liquid  carbon  dioxide  in  which  there 
is  a  bubble  in  continuous  rapid  motion. 

Quartz  is  one  of  the  most  important  and  widely  distributed  of  all 
rock-forming  minerals,  in  both  altered  and  unaltered  sedimentary  and 
igneous  rocks.'  It  is  an  essential  constituent  of  granite,  quartz-diorite, 
rhyolite,  and  dacite,  i^  well  as  of  quartzite,  many  gneisses,  schists,  and 
sandstones. 

Eock-making  quartz  occurs  in  three  pbases:  granitic  phase,  porphy- 
ritic  phase,  and  clastic  phase. 

Granitic  quartz  is  such  as  occurs  in  granite.  It  is  the  youngest  origi- 
nal constituent  of  the  rock,  and  fills  the  irregular  spaces  left  between 
the  other  minerals.  Its  form  is  therefore  determined  by  its  surround- 
ings— that  is,  it  is  allotrioinorphtc.  It  is  usually  tilled  with  fluid  inclu- 
sions. The  quartz  in  gneiss,  mica-schist,  and  other  similar  crystalline 
rocks  is  irregular,  granular,  and  closely  related  to  granitic  quartz.  It 
forms  veins  and  sometimes  contains  gold.  In  Giilitornia  the  auriferous 
gravels  are  derived  from  rocks  containing  such  veins.  Granitic  quartz 
is  well  illustrated  by  that  in  the  granites  ((>0  to  09);  and  that  in  many 
of  the  gneisses  (132  and  137),  schists  (119,  129  to  131),  and  veins  (25) 
is  closely  related  to  it.  Jaspilite  (120)  is  composed  largely  of  quartz 
of  this  character. 

Porphyritic  quartz  usually  has  well-develop(Ml  crystal  form — that  is, 
it  is  idiomorphic.  Fluid  inclusions  are  common,  but  not  so  abundant  as 
in  granitic  quartz,  and,  furthermore,  porphyritic  quartz  often  contains 
glass  inclusions.  In  many  cases  crystals  of  pori)hyritic  quartz  have 
been  corroded  by  the  magma  in  which  they  originated  and  reduced  to 
round  grains;  that  is,  they  have  become  anhedral  (90)  or  are  completely 
destroyed.  Porphyritic  quartz  is  illustrated  by  nevadite  (64)  and  dacite- 
I)orphyry  (90).    It  belongs  wholly  to  igneous  rocks. 

Clastic  quartz  is  such  as  is  found  in  sandstones  and  conglomerates 
of  sedimentary  origin.  It  is  illustrated  in  specimens  3  to  5,  10,  12 
to  19.  Some  of  the  quartz  found  in  rocks  is  occasionally  in  the  form  of 
chalcedony,  which  is  optically  negative  and  usually  fibrous.  Of  such 
material  agates  are  composed.  Silica  in  the  amorphous  state  usually 
contains  water  and  is  called  opal. 

Tridymite. — Pure  silica.  Composition,  Si02,  like  quartz.  Hexagonal 
crystals,  usually  minute,  thin  tabular  forms.  Imbricated,  like  tiles 
on  a  roof.  Within  rocks  tridymite  is  always  of  microscopic  dimensions. 
It  is  found  chiefly,  almost  exclusively,  in  acid  volcanic  rocks.  It  occurs 
in  lithoidite  (62)  and  aporhyolite  (136). 

Oalcite. — Calcium  carbonate.  Composition,  CaCOs.  Hexagonal. 
Crystals  rhombohedral,  but  massive  in  limestone.  Hardness,  2.5  to  3.5. 
Specific  gravity,  2.5  to  2.7.    Rhombohedral  cleavage  p^ti]^t>^  «iK^  ^^S^ 
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may  generally  be  split  with  ease  into  rhombohedrons.  Sometimes  col- 
orless aod  transparent  (Iceland  spar)  and  used  to  illnstrate  double 
refrnction.  By  placing  it  on  a  dot  on  white  paper  two  dots  appear. 
Often  yellowish  gray  or  white.  Infusible,  but  glows  and  becomes  lime. 
Effervesces  readily  in  cold  hydrochloric  acid.  When  powdered,  will 
effervesce  in  strong  vinegar. 

Calcite  is  one  of  the  most  important  and  widely  distributed  of  min- 
erals  in  rocks.  It  forms  essentially  the  whole  of  many  limestones  (28 
to  31,  39,  40,  42,  etc.),  is  the  cementing  material  in  calcareous  frag- 
mental  rocks  (12),  and  is  generally  abundant  in  the  altered  basic 
emptives. 

Under  the  microscope  it  is  usually  clear  and  may  be  distinguished 
by  its  cleavage — two  sets  of  lines  crossing  iit  an  acute  angle — and  its 
peculiar  pinkish-yellow  gray,  ofben  irridescent,  colors  between  crossed 
nicols. 

Dolomite. — Carbonate  of  calcium  and  magnesium.  Composition, 
(CaMg)C03,  in  which  varying  amounts  of  magnesia  may  be  replaced  by 
iron  or  manganese.  Hexagonal.  Crystals,  cleavage,  color,  and  optical 
and  other  properties  very  like  those  of  calcite,  but  it  may  usually  be 
distinguished  from  the  latter  by  means  of  the  characteristic  that,  unless 
powdered,  it  does  not  effervesce  readily  in  acetic  or  cold  dilute  hydro- 
chloric acid.    Hardness,  3.6  to  4.    Specific  gravity,  2.8  to  2.9. 

Dolomite,  like  calcite,  is  widely  distributed,  often  in  crystals  whose 
cross  sections  under  the  microscope  appear  triangular,  six-sided,  or 
rhombic.  It  is  an  essential  constituent  of  limestone  and  massive  dolo- 
mites. Much  of  the  limestone  in  the  United  States  is  dolomite.  It 
occurs  in  specimens  116  and  117  of  the  collection,  also  as  a  secondary 
product  in  the  kimberlite  (112)  of  Kentucky. 

Apatite. — Calcium  phosphate  +  calcium  chloride  or  fluoride.  Compo- 
position,  3(Ca3P208)-f  Ca(ClFl)2.  Hexagonal,  crystals  generally  micro- 
scopic, six-sided  prisms.  Granular  in  crystalline  schists.  Hardness,  5. 
Specific  gravity,  3.16  to  3.22.  Usually  colorless  or  whitish  under  the 
microscope.  Rather  high  index  of  refraction,  so  as  to  appear  to  stand  up 
in  surrounding  minerals  of  later  crystallization  by  which  it  is  included. 
Soluble  in  nitric  acid  without  gelatinization,  and  the  solution  gives, 
with  ammonium  molybdate,  a  yellow  precipitate.  Moistened  with  sul- 
phuric acid  and  heated,  it  colors  the  flame  pale  bluish  green.  This  dis- 
tinguishes it  from  nephelite,  with  which  it  is  often  associated.  Widely 
distributed  as  an  original  accessory  constituent  of  granular  igneous 
rocks;  common,  but  less  abundant,  in  basic  lavas.  Eeddish-brown 
grains  of  apatite  may  be  seen  in  the  magnetite  (146)  from  Port  Henry, 
New  York.  It  is  a  microscopic  constituent  of  granite  (68),  pulaskite 
(74),  nei>helite-syenite  (78),  dacite-porphyry  (90),  and  many  other  rocks 
of  this  series. 

Nephelite. — Silicate  of  potassium,  sodium,  and  aluminum.  Composi- 
t/on  probably  -NaAlSi04,  in  which  one-fourth  of  the  Na  is  generally 
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replaced  by  K.  Hexagooal.  Crystals  six-sided  prisms,  or  massive. 
Hardness^  5.5  to  6.  Specific  gravity,  2.6.  Colorless.  Laster  vitreoas 
in  crystals,  bat  greasy  when  massive.  Fuses  at  3.5  into  colorless  glass. 
Gelatinizes  in  acid.  The  glassy  colorless  variety  in  younger  volcanic 
rocks  is  nephelite;  the  massive  form,  usually  with  greasy  luster  and 
often  colored,  in  intrusive  rocks  is  sometimes  called  eleolite,  Thev  are 
identical  in  chemical  composition.  Kephelite  readily  alters  to  zeolites. 
They  are  essential  constituents  of  a  whole  series  of  extrusive  and  intru- 
sive igneous  rocks.  Kephelite  occurs  in  phouolite  (73),  pulaskite  (74), 
theralite  (75  and  76),  and,  in  the  phase  commonly  called  eleolite,  in 
nephelitesyenite  (77  and  78). 

Cancrinite. — Silicate  and  carbonate  of  aluminum,  sodium,  and  hydro- 
gen. Composition,  Na4HAl3(C03)Si30i2.  Hexagonal.  Crystals  columuar 
and  massive.  Hardness,  5  to  6.  Specific  gravity,  2.42  to  2.5.  Colorless 
and  transparent  when  fresh,  but  frequently  yellow  and  of  other  colors. 
Fuses  easily,  effervesces  in  hydrochloric  acid,  and  when  heated  gelati- 
nizes. Like  nephelite,  cancrinite  alters  to  zeolites,  and  as  yet  lias  been 
found  only  in  nephelite-syenite.  It  occurs  in  that  of  Litchfield,  Maine 
(77),  usually  as  conspicuous  yellowish  grains. 

Tourmaline. —  Silicate  and  borate  of  aluminum,  magnesium,  and  iron; 
of  complicated  composition.  Hexagonal.  Crystals  usually  three-sided. 
Hardness,  7  to  7.5.  Specific  gravity,  2.94  to  3.24.  Color,  usually  black; 
luster,  vitreous.  Readily  distinguished  under  the  microscope  by  its 
strong  absorption  when  the  longer  axis  of  the  section  is  perpendicular 
to  the  short  diagonal  of  the  polarizer.  Tourmaline  occurs  in  granitic 
igneous  rocks,  especially  near  the  borders  of  regions  of  contact  meta- 
morphism  and  in  fissure  veins.  It  occurs  commonly  also  in  the  members 
of  the  crystalline  schists;  for  example,  mica  schist  (130)  and  quartz- 
schist  (119).    It  occurs  also  in  phyllite  (126)  and  other  altered  rocks. 

MINERALS   OF  THE   ORTIIORHOMBIC   SYSTEM. 

Marca^te. — Iron  disulphide.  Composition,  FeS2.  Orthorhombic. 
Before  the  blowpipe,  on  charcoal  or  in  a  closed  tube,  gives  off  sulphurous 
fumes  and  becomes  magnetic.  Color,  pale  bronze-yellow.  Like  pyrite 
in  all  essential  respects,  excepting  form  of  crystallization,  by  which 
means  alone  are  the  two  distinguishable.  Marcasite  alters  much  more 
easily  than  pyrite.  Marcasite  is  illustrated  by  specimen  35.  The  gen- 
eral form  of  its  crystals  is  suggested  by  the  points  projecting  froin 
the  surface  of  the  nodule.  I>oth  pyrite  and  marcasite  readily  change 
to  limonite.  In  specimen  35  the  marcasite  is  almost  wholly  changed  to 
limonite. 

Andalusite  and  chiastolite. — Aluminum  silicate.  Composition,  Al2Si05. 
Orthorhombic.  Crystals  generally  in  square  thick-set  prisms,  rarely 
in  rounded  grains.  Hardness,  7  to  7.5.  Specific  gravity,  3.1  to  3.2. 
Color,  various,  often  reddish  brown  or  dark;  under  the  microscope 
usuallv  oolorleas  or  reddish ;  when  colored,  is  ylooclLToie..    T^^xi^'^^sl^x^, 
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replaced  Cleavage  qaite  perfect,  parallel  to  prismatic  faces.  Infasible. 
Saturated  with  cobalt  eolation  after  ignition  and  then  again  ignited, 
becomes  blae.  Occurs  in  argillaceous  rocks  affected  by  contact  meta- 
morphism,  less  commonly  in  mica-schists  and  gneisses  of  the  Archean, 
and  rarely  in  granites. 

Ohiastolite  is  andalusite  containing  carbonaceous  matter  se  arranged 
as  to  form  light  and  dark  squares  or  a  cross  on  a  cross  section  of  a 
crystal.  It  is  especially  abundant  in  some  zones  of  contact  metamor- 
phism,  and  is  well  illustrated  by  the  chiastolite-schist  (135)  near 
Mariposa,  California. 

Topaz. — A  fluosilicate  of  aluminum.  Composition,  Al2Si04F2.  Ortho- 
rhombic.  Crystals  usually  short,  flattish  prisms,  rarely  in  grains. 
Hardness,  8.  Specific  gravity,  3.62  to  3.56.  Color,  light  yellow,  blue, 
or  colorless.  Transparent,  infusible,  and  only  partially  attacked  by 
sulphuric  acid.  Often  contains  inclusions  of  hematite  and  ilmenite 
and  minute  cavities  filled  with  water  or  carbonic  acid  in  a  liquid  state. 

Crystals  of  topaz  occasionally  occur  in  cavities  of  the  rhyolite 
(nevadite,  G4)  of  Chalk  Mountain,  Colorado. 

Staurolite. — Silicate  of  iron  and  aluminum.  Composition,  IlAlsFe- 
SiaOia.  Orthorhombic.  Generally  crystallized  in  short  prisms,  often 
twinned,  forming  a  cross.  Hardness,  7  to  7.5.  Specific  gravity, 
3.3  to  3.8.  Color,  usually  brownish;  under  the  microscope  pleocliroic. 
High  index  of  refraction,  and  yields  brilliant  colors  between  crossed 
nicols. 

Staurolite  does  not  occur  in  igneous  rocks,  but  appears  in  crystalline 
rocks,  e8i>ecially  of  the  Archean,  in  gneiss,  mica-schist,  and  others  poor 
in  amphibole.  It  is  found  also  in  rocks  highly  altered  by  contact  meta- 
morphism,  and  is  well  illustrated  by  prominent  crystals  in  the  stauro- 
lite-mica  schist  (133)  of  Charlestown,  New  Hampshire. 

Pyroxenes. — The  pyroxenes  are  silicates  chiefly  of  iron,  magnesium, 
and  calcium,  and  form  a  series  with  considerable  range  of  chemical 
composition.  With  the  amphiboles,  micas,  and  olivine  they  are  the 
most  important  rock-forming  ferromagnesian  silicates  in  igneous  masses. 
Pyroxenes  may  be  divided  according  to  their  crystallization  into  three 
groups — rhombic,  monoclinic,  and  triclinic.  At  this  ])lace  only  the 
rhombic  pyroxenes,  enstatite,  bronzite,  and  hyperaihene^  will  be  consid- 
ered. Their  crystals  are  prismatic.  Cleavage  parallel  to  the  piuacoidal 
planes  is  sometimes  better  developed  than  that  of  the  prismatic  planes. 
Enstatite  contains  less  than  5  per  cent  of  iron,  bronzite  from  5  to  1  i 
per  cent,  and  hypersthene  over  14  per  cent.  While  enstatite  in  thin 
sections  is  colorless  and  not  pleochroic,  hypersthene  is  usually  greenish, 
light  red,  or  brownish,  and  strongly  pleochroic.  The  most  important 
distinguishing  feature  under  the  microscope  is  the  parallel  extinction 
in  prismatic  sections  and  distinct  rectangular  cletivage  in  cross  sec- 
tions, which  are  usually  octagonal,  with  four  of  the  sides  larger  than 
otijers. 
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The  orthorhombic  pyroxenes,  especially  hypersthene,  are  important 
rock-forming  minerals,  occurring  in  many  andesites  and  basalts,  as  well 
as  gabbros  and  peridotites,  but  are  of  little  consequence  in  rocks  of 
sedimentary  origin,  either  unaltered  or  metamorphic. 

Enstatite  (MgSiOa)  occurs  as  an  essential  constituent  in  saxouite 
(114),  also  in  some  of  the  olivine  nodules  (104),  and  occasionally  in 
basalt.  It  occurs  also  in  the  pyroxenite  (110)  from  near  Baltimore. 
Bronzite  occurs  in  the  feldspathic  i)eridotite  (111)  of  the  same  region. 
Hypersthene  occurs  in  hyperstheneandesites (S6 and  87),  and  forms  an 
important  part  of  the  gabbro  (108)  of  Mount  Hope. 

A  fibrous  substance  having  the  composition  of  serpentine,  but  usually 
forming  pseudomorphs,  resulting  from  the  alteration  of  orthorhombic 
pyroxene,  is  biMtite.    It  occurs  in  peridotite  from  near  Baltimore  (111). 

Olivine. — Silicate  of  magnesium  and  iron.  Composition,  (MgFe)2- 
Si04.  Orthorhombic.  Crystals  short,  prismatic.  Sections  usually  four, 
six,  or  eight  sided.  Often  granular.  Hardness,  0.5  to  7.  Specific  grav- 
ity, 3.3  to  3.45.  Colorless  or  yellowish.  Decomposed,  with  separation  of 
gelatinous  silica,  by  heated  hydrochloric  acid.  Under  the  microscope, 
in  thin  section,  olivine  is  seen  to  be  without  distinct  cleavage  and  to 
have  a  high  index  of  refraction.  Its  rough  surface  apparently  rises 
above  the  adjacent  minerals,  and  becomes  brilliantly  colored  between 
crossed  nicols. 

Three  phases  of  olivine  have  been  distinguished:  (1)  That  of  gran- 
ular igneous  rocks,  such  as  olivine-gabbros  and  peridotites,  where  it  is 
granular;  (2)  that  of  porphyritic  igneous  rocks,  where  it  forms  promi- 
nent crystals,  as  in  many  basalts;  (3)  that  of  crystalline  schists,  where 
it  occurs  as  an  accessory  constituent.  In  the  first  two  cases  it  is  one 
of  the  minerals  which  crystallize  early  in  the  solidifying  molten  mat 
ter,  and  includes  only  such  minerals  as  magnetite,  ilmenite,  picotite, 
etc.,  of  earlier  crystallization.  In  igneous  rocks  it  is  always  an  original, 
and  generally  an  essential,  constituent. 

Olivine  alters  to  calcium  carbonate,  iron  oxide,  silica,  and  serpentine, 
And  a  large  proportion  of  the  masses  of  serpentine  exposed  among  the 
onetamorphic  rocks  have  resulted  from  the  alteration  of  rocks  rich  in 
•olivine.  The  process  will  be  described  under  rocks  of  the  peridotite 
:8erie«^(110  to  114)  and  serpentine  (145).  Specimens  104  and  114  illus- 
trate granular  olivine.  The  porphyritic  form  may  be  seen  in  porphy- 
iritic  thecalite  (76);  also  in  kimberlite,  as  illustrated  in  PI.  XXXIX. 

Fayalite^ — Silicate  of  iron.  Composition,  Fe2Si04.  Orthorhombic, 
usually  in  minute  tabular  crystals.  Hardness,  6.5.  Specific  gravity, 
.-about  4.  Color,  light  yellow,  but  upon  exposure  generally  becomes 
«opaque,  dark  brown,  or  black.  Fuses  readily  to  magnetic  globule  and 
gelatinizes  in  acids.  The  minute  nonmagnetic  crystals  in  the  lithophysic 
of  specimen  (62)  are  fayalite. 

Zoinite. — Silicate  of  ealciuu)  and  aluminum.  Composition,  HCajAla- 
SiaOi3.   Orthorhombic.    Usually  in  columnar  ?tgg;t^\j^\ft^.  "^^^-vi^as^^^. 
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Specific  gravity,  3.25  to  3.36.  Has  two  cleavages,  at  right  angles  to 
each  other,  one  i)erfect  and  the  other  imperfect.  Usaally  colorless  or 
gray,  index  of  refraction  high,  but  doable  refraction  low,  and  between 
crossed  nicols  its  color  is  a  feeble  bine.  Epidote,  which  it  resembles, 
gives  brilliant  colors  between  crossed  nicols. 

It  occars  in  some  altered  gabbros  (143),  and  more  commonly  in  horn- 
blende-schists (131f),  but  is  much  less  common  than  epidote. 

Prehnite. — A  silicate  of  lime  and  aluminum.  Composition,  H2Ga^Al2- 
Si30i2.  Orthorhombic,  but  usually  in  irregular  plates.  Hardness,  0  to  0.3. 
Specific  gravity,  2.8  to  2.95.  Colorless  or  greenish.  Fuses  at  2  with 
intumescence,  and  then  readily  gelatinizes  in  acid.  Occurs  only  as  a 
secondary  mineral  in  basic  eruptive  rocks  (102),  but  occasionally  may 
be  an  original  constituent  of  calcareous  rocks  and  crystalline  schists. 

Talc. — Hydrous  silicate  of  magnesium.  Composition,  Mg3H2Si40i2. 
Orthorhombic.  Usually  occurs  in  plates  or  rods.  Basal  cleavage 
perfect,  giving  it  a  foliation  like  mica,  but  soft  (hardness,  1),  and  not 
elastic.  Specific  gravity,  2.8.  Colorless  in  thin  scales,  but  in  larger 
bodies  usually  greenish  or  gray,  with  pearly  luster  and  greasy  feel. 
Like  rauscovite,  gives  brilliant  colors  between  crossed  nicols,  but  may 
be  distinguished  by  the  fact  that  after  ignition,  if  it  is  moistened  with 
a  solution  of  nitrate  of  cobalt  and  heated  again,  it  becomes  when 
cooled  pale  red. 

Talc  is  an  essential  constituent  of  talc-schist  and  steatite  (142),  and  is 
not  uncommon  among  metaniorphic  rocks.  In  basic  eruptive  ro<!KS  it 
sometimes  appears  as  a  secondary  mineral,  resulting  from  the  altera- 
tion of  hornblende. 

MINERALS  OF  THE   MOKOCLINIC   SYSTEM. 

Oypsum. — Hydrous  calcium  sulphate.  Composition,  Ca804+2aq. 
Moiiocliiiic,  crystals  tabular,  but  in  rocks  generally  irregular,  granular, 
lamellar,  or  fibrous  aggregates.  Hardness,  2.  Specific  gravity,  2.2  to 
2.4.  Colorless  to  gray  and  yellowish.  Yields  water  in  a  closed  tube, 
is  slowly  soluble  in  hydrochloric  acid  without  gelatinization  or  effer- 
vescence, and  fuses  rather  easily.  Occurs  in  beds  as  gypsum  rock. 
It  is  of  chemical  origin  and  is  interstratified  with  other  sedimentary 
rocks. 

Pyroxenes  (monoeUnie). — The  pyroxenes  are  silicates,  chiefly  of  iron, 
magnesium,  and  calcium,  with  suflicient  variation  in  chemical  compo- 
sition and  physical  properties  to  give  rise  to  a  number  of  species.  The 
orthorhombic  i)yroxenes  are  treated  on  page  38.  The  only  monoclinic 
forms  which  appear  in  this  series  of  rocks  are  augite,  diallagej  diopside^ 
and  (vgirite.  Crystals,  short  prismatic.  Also  in  irregular  grains. 
Hardness,  5  to  0.  Sj>ecific  gravity,  3.23  to  3.5.  Color,  grayish  white, 
ranging  through  green  and  black.  By  transmitted  light  it  is  usually 
greenish,  yellowish,  or  pale  brownish.  Sections  parallel  to  the  prism 
show  one  cleavage,  and  between  crossed  nicols  the  extinction  angle 
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may  be  as  large  as  45<^.  Oorresponding  sections  of  orthorhombic  pyrox- 
enes have  parallel  extinction,  and  those  of  amphibole  only  a  small 
extinction  angle.  Cross  sections  are  often  nearly  square,  with  slightly 
truncated  comers,  or  octagonal,  with  sides  of  nearly  equal  length. 
They  show  two  directions  of  cleavage  nearly  at  right  angles.  Diallage 
differs  from  augite  in  having,  besides  prismatic  cleavage,  a  distinct 
parting,  parallel  to  the  orthopinacoid,  giving  diallage  a  more  or  less 
lamellar  structure.  Like  bronzite,  diallage  often  contains  minute 
inclusions  which,  give  it  a  metallic  sheen. 

Augite  is  one  of  the  most  common  essential  primary  minerals  in  igne- 
ous rocks.  The  pheuocrysts  of  dolerite  (106)  and  theralite  (76)  are 
augite.  In  granular  form  augite  constitutes  a  large  part  of  diabase 
(106),  basalt  (95  to  102),  and  quartz-norite-gneiss  (140).  It  occurs  as  an 
accessory  constituent  in  many  eruptive  rocks.  Among  metaniorphic 
rocks  it  is  not  common,  for  in  the  process  of  dynamo-metamorphism 
augite  is  usually  changed  to  hornblende. 

Diallage  has  rather  limited  distribution,  occurring  with  olivine  form- 
ing nodules  in  basalt  (104),  in  olivinediabase  (107),  and  as  an  essential 
constituent  in  gabbros  (108  and  109).  Diopside  (malacolite)  is  a  mono- 
clinic  pyroxene,  poor  in  alumina  and  without  lamination  parallel  to  the 
orthopinacoid.  It  occurs  in  ])uhi8kite  (74),  basalts  (102),  and  pyroxenite 
(110),  as  well  as  in  some  olivine  nodules  (104)  and  some  of  the  Archean 
granites  and  limestones.  Acniite  and  a^girite  are  forms  rich  in  sodium 
and  iron.  ^]girite  occurs  in  the  tberalite  (76  and  76)  of  Crazy  Moun- 
tains, Montana. 

Amphibole, — The  aniphiboles  are  silicates,  mainly  of  magnesium  and 
calcium,  in  which  the  former  predominates  over  the  latter.  The  ortho- 
rhombic  forms  do  not  occur  in  any  of  the  rocks  of  this  series.  Only 
the  moiioclinic  forms  will  be  considered.  Crystals  i)rismatic,  with 
cleavage  angle  120^,  well  marked  and  characteristic.  Hardness,  6  to  6. 
Specific  gravity,  2.9  to  3.55.  Not  affected  by  acids.  Color,  various. 
The  colorless  or  white  variety  is  iremoliU.  The  green  is  aciinolite,  arf- 
redsonitej  or  uralite.  The  black  and  brown  are  hornblende  or  grllnerite^ 
and  the  blue  is  generally  glaucophane. 

Cross  sections  of  amphibole  prisms  are  four  or  six  sided,  with  promi 
nent  cleavage  lines  parallel  to  the  principal  sides  and  crossing  each 
other  at  an  angle  of  124^.  In  prismatic  sections  the  extinction  aii^le 
is  small,  which  distinguishes  it  from  augite.  Pleochroism  usually 
strong  in  green,  brown,  and  blue  amphiboles.  The  cleavage,  angle  of 
extinction,  and  pleochroism  distinguish  the  amphiboles  from  the 
pyroxenes,  which  they  so  closely  resemble  chemically. 

Tremolite  (CaMg3SL|Oi2)  occurs  as  lamellar  masses  or  crystals  in 
Archeah  limestones,  silicate  hornfels,  and  some  serpentines.  Actino- 
lite  occurs  in  many  green  schists  of  the  Archean.  It  occurs  also  as 
tufts  of  radiating  needles  in  the  cortlanditi*  (113)  of  Stony  Point,  New 
York.    Common  black  hornblende  is  an  esseutial  co\i^\>\U\^w\i  oil  Vorcv^- 
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blende-granite  (69),  many  dacites  (81  and  82),  homblendc-andesites 
(83  to  85),  camptonite  (92),  and  cortlaudite  (113)  among  igneous  rocks. 
In  hornblende-scbist  (131)  and  garnetiferons  hornblende-schist  (141)  the 
hornblende  is  green.  Arfvedsonite  occars  in  lencite  and  nephelite  rocks 
(pula^kite  74),  griinerite  in  rocks  rich  in  iron  (hematite  121),  and  glau- 
cophane  in  glaucophaue-schists,  not  re])resented  in  this  series.  Uralite 
and  fibrous  green  hornblende  occur  in  metamorphic  rocks,  and  are 
usually  pararaori)liic  after  pyroxene.  As  such,  uralite  occurs  in  hom- 
Mende-gabbro-gneiss  (143  and  144). 

The  micas. — The  micas  are  silicates,  chiefly  of  aluminum,  magnesium, 
iron,  and  the  alkaline  metals.  In  composition  and  other  properties 
there  is  considerable  variation,  and  the  group  is  divided  into  a  number 
of  species.  The  most  common,  for  the  sake  of  brevity,  may  be  included 
under  the  names  of  biotite  and  muscovite.  The  former,  containing  con- 
siderable iron,  is  dark  colored,  strongly  pleochroic,  and  approximately 
uniaxial,  while  the  latter,  rich  in  potassium,  is  colorless  or  gray  and 
biaxial.  The  micas  are  all  characterized  by  crystallizing  in  thin  hex- 
agonal plates  with  eminent  basal  cleavage,  producing  foliated  structure 
and  easily  affording  very  thin  elastic  laminae  which  show  a  black  cross 
or  bisectrix  apparently  at  right  angles  to  the  cleavage  surface.  They 
are  generally  regarded  as  belonging  to  the  monoclinic  system,  although 
their  habit  is  hexagonal. 

In  porphyritic  igneous  rocks  the  mica  is  often  in  well-developed  hex- 
agonal plates,  but  in  granitic  rocks  and  schists  it  is  in  irregular  scales. 
Under  the  microscope  sections  parallel  to  the  cleavage  are  frequently 
isotropic,  yield  an  optic-axial  figure,  and  show  no  cleavage  lines,  but 
sections  perpendicular  to  the  cleavage  show  conspicuous  cleavage  lines, 
brilliant  polarization  colors,  and  parallel  extinction. 

The  colorless  transparent  micas,  included  for  petrographic  conven- 
ience under  muscovite,  are  lepidolite,  zinnwaldite^  sericitCj  damourite^ 
paragonite,  and  margarite.  The  micas  generally  black  by  reflected 
light  but  by  transmitted  light  colorless,  deep  brown,  yellowish,  reddish, 
or  green,  with  strong  pleochroism,  included  under  biotite,  are  anomite^ 
rubellanj  and  phlogopite. 

Muscovite  (KH2Al3Si30i2)  is  not  a  volcanic  mineral.  As  an  original 
constituent  in  igneous  rocks  it  is  limited  to  the  granitic  series  (G6), 
but  is  a  widely  distributed  and  common  constituent  of  metamorphic 
sedimentary  rocks,  gneisses,  and  schists  (119,  129,  and  130).  In  the 
form  of  sericite  it  is  often  an  early  product  of  metamorphism  in  pliyllite 
(126),  staurolite  mica  schist  (133),  and  aporhyolite  (136;. 

Biotite  has  a  wide  distribution  in  igneous  rocks.  In  hornblende- 
niica-andesite  (83),  dacite  (81  and  82),  and  dacite-porphyry  (90)  it 
o(!curs  in  regular  crystals  among  phenocrysts.  It  is  an  essential  con- 
stituent also  of  biotite-granite  (67),  minette  (91),  and  cortlaudite  (113), 
nnd  an  accessory  constituent  in  many  others.  It  is  widely  distributed 
as  an  essenthil  couatitaent  of  many  gneisses  and  schists,  especially  in 
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specimens  66,  129,  130,  and  132.     Lepidomelane  occurs  in  nephelite- 
syenite  (77). 

Chlorites. — The  chlorites  are  liydrated  silicates  of  magnesium,  iron, 
and  aluminum.  On  account  of  diiierences  in  chemical  composition 
and  also  to  a  limited  extent  in  physical  properties,  the  chlorite  group 
has  been  divided  into  a  number  of  species,  but  for  ordinary  petro 
graphic  purposes  these  need  not  be  distinguished.  Monoclinic.  Crys 
tals  often  hexagonal,  but  occurring  generally,  like  mica,  in  flat  or 
bent  plates  of  irregular  outline.  Hardness,  1  to  3.  Specific  gravity, 
2.0  to  2.96.  Color,  green.  Basal  cleavage  perfect,  producing  foliated 
structure.  Lamin«T.  flexible.  Basal  sections  show  a  distinct  black  cross 
or  bisectrix.  Sections  perpendicular  to  the  cleavage  are  latb-sliaped. 
Pleochroic,  yielding  greenish  or  bluish  to  yellowish  or  red  colors. 
Interference  colors  between  crossed  nicols  much  lower  than  those  of 
mica. 

Chlorites  are  widely  distributed  among  igneous  and  metainorphic 
rocks,  but  are  always  secondary,  resulting  from  tlie  alteration  of  sili- 
cates rich  in  magnesium  and  iron,  such  as  mica,  pyroxene,  and  amplii- 
bole.  They  occur  in  hornblende-pyroxene-andesite  (85)  and  many  other 
igneous  rocks,  but  can  be  seen  only  in  the  thin  section  under  the 
microscope.  They  occur  also  in  chlorite-phyllite  (11^7),  wliich  is  com- 
posed chiefly  of  chlorites,  and  in  steatite  (142),  of  which  clili»rite  some- 
times forms  a  considerable  portion,  although  steatite  is  usually  talc. 

Epidote. — A  hydrous  silicate  of  aluminum,  iron,  and  calcium.  Com- 
XK)sition,  H(CaFe)2( AlFejaSiaOn.  Monoclinic.  Crystals  prismatic  and, 
in  rocks,  generally  granular.  Hardness,  0.5.  Specific  gravity,  3.3  to  3.5. 
Basal  cleavage  perfect.  Color,  generally  yellowish  green,  sometimes 
brownish.  Under  the  microscope,  in  thin  sections,  usually  colorless, 
but  yields  between  crossed  nicols  especially  brilliant  colors,  which 
distinguish  it  from  zoisite. 

Epidote  is  never  a  primary  or  essential  constituent  of  igneous  rocks. 
It  frequently  occurs  as  a  secondary  mineral  resulting  from  the  altera- 
tion of  igneous  and  sedimentary  rocks.  It  occurs  in  some  gneisses  (138), 
schists,  and  phyllites  (127),  and  in  aporhyolite  (13G),  and  is  one  of  the 
commonest  of  all  silicates  resulting  from  weathering. 

Allanite. — Silicate  of  aluminum,  iron,  cerium,  and  other  rare  ele- 
ments. Occurs  in  crystals  and  irregular  grains,  like  epidote.  Hard- 
ness, 5.5  to  6,  Specific  gravity,  3  to  4.2.  Color,  generally  pitch  black, 
brown,  or  gray;  in  thin  sections  reddish  brown  or  greenish,  usually 
with  strong  pleochroism.  Cleavage  indistinct  or  absent.  Optical 
properties  vary;  many  allanites  are  isotropic,  others  highly  double- 
refracting. 

Allanite  occurs  in  gneisses  (138)  as  well  as  in  diorite  (93),  diorite- 
porphyry  (89),  and  other  igneous  rocks. 

Titanite. — Silico-titanate  of  calcium.  Composition ,  CaSiTios.  Mono- 
clinic.    Crystals  frequently  double-wedge  ^^a^^Oi.     OQ.\i>w^>a»  ^'^^^  Vv^ 
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irregular  grams.  Hardness,  5  to  5.6.  Specific  gravity,  3.3  to  3.7. 
Color,  brown  to  black  and  reddish  yellow.  Feebly  transparent.  Index 
of  refraction  very  high  and  surface  appears  rough,  but  double-refrac- 
tion low,  giving  between  crossed  nicols  a  brownish-gray  color.  Not 
affected  by  acids.  Light-yellow  titanite  usually  in  wedge-shaped  crys- 
tals is  commonly  called  sphene.  It  is  one  of  the  primary  accessory 
minerals  in  many  granites,  syenites,  diorites,  and  other  igneous  rocks. 
Granular  titanite  is  of  secondary  origin,  frequently  resulting  from  the 
alteration  of  titaniferous  magnetite,  ilmenite,  or  mtile  in  igneous  and 
metamorphic  rocks.  Titanite  occurs  in  pulaskite  (74),  diorite  (93),  and 
in  the  form  of  sphene  in  minette  (91),  and  in  many  other  igneous  and 
metamorphic  rocks,  but  rarely  in  particles  sufficiently  large  to  be  seen 
without  the  aid  of  a  lens. 

Zeolites  (monoclinic). — Zeolites  are  hydrous  silicates  of  aluminum, 
calcium,  potassium,  and  sodium,  with  other  bases,  and,  excepting  rare 
cases  of  analcite,  all  are  secondary  minerals.  They  have  low  index  of 
refraction  and  low  double  refraction.  They  are  transparent,  usually 
colorless  or  white,  readily  attacked  by  hydrochloric  acid,  and  easily 
fusible.  The  most  common  forms  besides  analcite,  already  mentioned 
(page  .'^),  are  heulundite^  stilbite,  acolecitej  epistiU)ite,  and  luumontitr, 
which  may  be  distinguished  chiefly  on  optical  grounds.  Laumontite 
is  well  illustrated  in  the  amygdules  of  the  diabase  amygdaloid  (139); 
scolecite,  in  the  feldspathic  peridotite  (111)  near  Baltimore. 

Feldspars  (monoclinic), — The  feldspars  are  silicates,  chiefly  of  alumi- 
num, with  more  or  less  potassium,  sodium,  or  calcium.  According  to 
crystallization  they  may  be  divided  into  two  groups,  monoclinic  and 
triclinic,  but  all  are  very  closely  related  in  chemical  and  physical 
properties. 

Their  principal  common  feature  is  the  possession  of  two  cleavages, 
one  parallel  to  the  base,  perfect,  and  the  other  parallel  to  a  lateral  pin- 
acoid,  less  perfect  and  variable.  The  angle  between  the  two  cleavage 
planes  in  monoclinic  feldspar  is  90  degrees,  and  the  basal  cleavage 
shows  no  twinning  strije.  In  the  triclinic  feldspars,  however,  the  two 
cleavage  planes  are  slightly  inclined  to  each  other,  and  the  basal  plane 
is  striated.  These  strije  are  well  illustrated  by  the  large  feldspar  crys- 
tals in  specimen  90.  The  striation  is  due  to  oft-repeated  lamellar 
twinning,  which  under  the  microscope  and  between  crossed  nicols  pro 
duces  numerous  distinct  parallel  alternating  color  bands,  and  afl'ords  an 
Ciisy  means  of  distinguishing  the  triclinic.  from  the  monoclinic  feldspars. 

Monoclinic  feldspar,  usually  called  ortlioclase  or  potash  feldspar,  is  a 
silicate  of  alumina  and  potash.  Conii)08ition,  KAlSiaOa.  Crystals 
short  tables  and  scjuare  prisms,  but  in  rocks  it  usually  occurs  in  irreg- 
ular grains.  Crystals  may  be  simple,  but  are  often  twinned  parallel  to 
the  orthopinacoid  (Carlsbad  twins).  Color  generally  white  or  gray,  but 
often  reddish.  Frequently  more  or  less  turbid  and  semitransparent. 
-^ot  acted  ou  by  ordinary  acids,  and  before  the  blowpipe  fuses  at  6. 
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Sections  of  simple  crystals  of  orthoclase  between  crossed  nicols  are 
seen  to  be  optically  the  same  throughout,  but  Carlsbad  twins  show  two 
bands  of  interference  colors,  less  bright  than  those  of  quartz. 

Orthoclase  is  an  essential  constituent  of  granites  (06-OD),  syenite  (71), 
metarhyolite  (quartz-porphyry,  65),  phonolite  (73),  and  pulaskite  (74), 
and  traces  of  it  have  been  found  in  dolerite  (105). 

In  the  recent  acid  volcanic  rocks  orthoclase  is  clear  and  glassy,  and 
has  been  designated  sanidine.  This  form  of  orthoclase  is  an  essential 
constituent  of  nevadite  (64)  and  trachyte  (70).  It  occurs  also  in  the 
cavities  of  lithoidite  (62). 

MINERALS  OF   TUE   TUICLINIC   SYSTEM. 

Feldspars  (tricUtiic). — As  already  stated,  leldspars  are  silicates, cliiofly 
of  aluniinun*,  with  more  or  less  potash,  soda,  or  lime.  There  are  tljree 
essentially  distinct  cliemical  componnds  which  exist  a»  separate  varieties 
of  feldspar,  often  designated,  respectively,  potassium  feldspar  (ortho- 
clase)j  sodium  feldspar  (albite)j  and  calcium  feldspar  {anorthite).  The 
second  of  these  compounds  combines  in  definite  proportions  with  the 
first  and  third,  forming  the  intermediate  members  of  several  series  of 
feldspars,  designated,  respectively,  the  potash-soda  series  (anorihoclase) 
and  the  soda-lime  series  {plagioclase),  Orthoclase  is  monoclinic,  but 
anorthoclase  and  plagioclase  are  triclinic.  Although  the  cleavage 
angle  of  plagioclase  is  clearly  oblique  (SO^  to  87°),  that  of  aiiorthoclase 
varies  scarcely  any  from  a  right  angle. 

The  characteristic  featnre  of  triclinic  feldspar  is  the  lamellar  or  poly- 
synthetic  twinning,  producing  striations  on  the  basal  cleavage  plane. 
The  twinning  parallel  to  the  brachypinacoid  (least  perfect  cleavage 
plane)  is  the  albite  type,  while  that  at  right  angles  to  it  is  the  pericline 
type.  The  fine  parallel  banding  such  twinning  produces  is  evident 
under  the  microscope  between  crossed  nicols,  and  is  highly  characteristic 
of  the  triclinic  feldspars. 

The  potassium-feldspar  compound  crystallizes  in  the  monoclinic  system 
as  orthoclase,  and  in  the  triclinic  system  it  is  called  microcline,-  It  occurs 
in  irregular  grains,  and  in  the  thin  section  under  the  microscope  between 
crossed  nicols  may  be  readily  distinguished  by  its  colored  rectangnlar 
grating,  produced  by  the  two  sets  of  fine  parallel  lamellar  twins,  cross- 
ing each  other  at  right  angles.  Basal  cleavage  plates  between  crossed 
nicols  extinguish  at  an  angle  of  15°  30'  to  the  line  of  the  pinacoidal 
cleavage,  and  a  pinacoidal  cleavage  plate  extinguishes  at  an  angle  of 
50  to  the  line  of  basal  cleavage.  Reddish  microcline  is  abundant  in 
the  biotite-granite  of  Platte  Canyon,  Colorado  (67),  It  is  present  also 
in  the  granite  of  Fox  Island,  Elaine  (68),  granitoid  gneiss  (137),  and 
epidote-mica-gneiss  (138).  Microcline  often  contains  parallel  inter- 
growths  of  orthoclase  and  albite. 

Plagioclase  feldspars  are  those  of  the  lime-soda  series,  including 
albite  and  anorthite  and  their  isomorphic  mixtute^^  o\\^oc\^%.^^^w^^^^^* 
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labradoritey  aud  bytownite.    The  composition  of  albite  is  KaAlSisOg; 
of  anorthite,  0aAl2Si2O8.    The  average  intermediate  mixtores  are: 

Ifiiermcdiate  mixtures  of  albite  and  anorthile, 

Albite Ab 

Oligoclasf AbgAnj 

Andesine AbTAnA 

Labradorite AbiAn:) 

Bytownite Ab^Aii? 

Anorthite An 

These  feldspars  are  much  alike,  and  are  most  readily  distinguished  by 
their  S])ecific  gravity  and  extinction  angles,  which  are  given  in  the  Ibl- 
lowing  table  and  in  the  diagram  prepared  by  Michel  L^vy : ' 

Extinction  angles  and  specific  gravities  of  plagioclase  feldspars. 


Albite 
Oligoclaae 
Andesine .. 
Labradorito 
DytowDite . 
Anorthite.. 


Extinction 

aoirle  on  base, 

OP. 

Extinction 

angle  on 

pinacoidH,  if. 

o                  o 

Specific 
gravity. 

o                o 

+  4    to  -\-  3 

1l» 

to    +13 

2.62 

+  3    to  +   1 

fl3 

t4>    —  2 

2.64 

—  2    to  -  3 

—  2 

to   —10 

2.65 

—  5    to  —V2 

—16 

to  —26 

2.60 

—17    to  —27 

-29 

to   —33 

2.71 

28    to      39 

-35 

to  —36 

2.75 

Plagioclase  is  an  important  and  essential  constituent  of  diorite  (93 
and  94),  basalt  (100  to  102),  dolerite  (105),  diabase  (106  and  107),  and 
gabbro  (108  and  109).  It  occurs  as  an  accessory  mineral  in  many 
metamorphic  rocks;  for  example,  gneiss  (132)  and  schists  (129  and  131). 
It  is  especially  prominent,  showing  fine  striations,  in  specimen  90. 

Albite  occurs  in  albite-scliist  (129),  oligoclase  in  trachyte  (70),  andes- 
ine in  dacite  (81  and  82)  and  hornblende-mica-andesite  (83),  labradorite 
in  most  of  the  andesites  (83  and  88),  basalt  (102),  and  diabase  (lOG  and 
107);  bytownite  in  gabbro  (108),  peridotite  (111),  and  gneiss  (144) ;  and 
anorthite  in  the  hornblende-gabbro-gneiss  near  Baltimore  (143). 

Anorthoclase,  as  far  as  is  yet  definitely  known,  is  very  rare  in  rocks 
as  compared  with  orthoclase  and  plagioclase.  It  often  shows  inter- 
secting systems  of  extremely  fine,  twinning  lamellse,  which  pass  into 
areas  free  from  them  without  there  being  any  visible  boundary  between. 
Like  orthoclase,  it  occurs  in  the  acid  series  (granitic  and  syenitic)  of 
rocks.    It  possibly  occurs  in  theralite  (76). 


HOMOGENEOUS  AGGREGATES. 


Serpentine. — Serpentine  is  a  hydrous  silicate  of  magnesium.  Chemi- 
cal composition,  H4Mg3Si209.  Serpentine  is  always  a  secondary  mineral, 
and  when  in  the  form  of  crystals  is  generally  pseudomorphous.  It  is 
usually  massive  and  sometimes  fibrous  (chrysotile).    Hardness,  2.5  to 


*^tude  aar  la  determinatiou  den  feldspaths,  1894,  p.  32.    See,  also,  Becker's  PI.  XI  in  Blghteenth 
Amu.  Hept.,  Part  III,  1898,  p.  36. 
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4.  Si)ecific  gravity,  2.5  to  2.6.  Color,  generally  green,  sometimes  red 
or  mottled.  Feel,  often  greasy.  Structure,  splintery.  Chrysotile,  a 
silky,  fibrous  form  of  serpentine,  belongs  to  the  ortborhombic  system 
and  has  parallel  extinction.  Massive  serpentine  ba^  low  double  refrac- 
tion with  aggregate  polarization,  as  if  composed  of  minute  scales,  fibers, 
or  grains. 

Serpentine  results  chiefly  from  the  alteration  of  olivine.  The  change 
begins  along  the  cracks  in  the  oli^ine,  and  often  gives  rise  to  a  pecul- 
iar reticulated  structure,  in  which  the  net  is  serpentine.  If  the  altera- 
tion is  not  complete,  remnants  of  olivine  occur  in  the  meshes. 

Serpentine  results  also  from  the  alteration  of  augite  and  hornblende, 
and  in  the  latter  case  it  is  generally  characterized  by  a  grating  structure 
with  rhombic  interspaces,  due  to  the  arrangement  of  the  fibers  normal 
to  the  cleavage  of  the  hornblende.  In  that  derived  from  augite  the 
meshes  are  rectangular. 

Serpentine  has  a  wide  distribution  among  metaniorphic  rocks,  and 
has  been  derived  from  intrusive  rocks  rich  in  olivine,  such  as  peridotite  j 
also  sometimes  from  gabbro-diabase  and  pyroxenite. 

Specimen  145  illustrates  serpentine  derived  from  the  alteration  of 
pyroxenite. 

Kaolin, — Kaolin  forms  earthy  aggregates  which  under  the  microscope 
are  seen  to  be  composed  of  minute  scales  resembling  muscovite,  but 
they  have  a  weak  double  refraction.  It  is  usually  white  and  results 
from  the  alteration  of  feldspar,  nephelite,  scapolite,  and  similar  minerals 
in  the  process  of  weathering.  It  occurs  in  specimen  140,  also  in  the 
white  portions  of  147  and  148. 

Glau€onit€, — Glauconite  is  essentially  a  hydrous  silicate  of  potassium 
and  iron,  and  is  amorphous.  It  occurs  in  small  grains,  which  are  gen- 
erally spherical,  but  also  elliptical  or  irregular.  Hardness,  2.  Specific 
gravity,  2J2  to  2.4.  Refraction  and  double  refraction  weak.  It  consti- 
tutes the  essential  part  of  greensand  (5). 

Limonite. — Limonite  is  a  hydrous  ferric  oxide  having  the  following 
composition:  2Fe20j3HjO.  It  is  not  crystallized,  but  often  librous, 
stalactitic,  botryoidal,  concretionary,  or  earthy.  Its  color  is  various 
shades  of  yellow  or  brown,  whence  its  other  name,  brown  hematite. 
When  heated  before  a  blowpipe  it  becomes  nmgnetic,  and  in  a  closed 
tube  yields  water.  Its  streak  is  yellowish  brown  and  diiVers  from  the 
cherry-red  streak  of  red  hematite.  Hardness,  5  to  6.5.  Specific  gravity, 
3.G  to  4.  Iron  rust  and  most  of  the  yellowish-brown  stains  resulting 
from  the  alt-eration  of  iron-bearing  minerals  are  limonite.  It  accompa- 
nies siderite  in  specimen  32,  and  results  from  the  alteration  of  marca- 
Bite  in  specimen  35.  The  yellow  tint  of  phyllite  (126)  is  due  to  the 
presence  of  limonite. 
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CLASSIFICATION  OP  ROCKS. 

Eocks  may  be  classified  according  to  any  of  their  many  features,  but 
the  most  fVindamental  one  upon  which  the  primary  divisions  are  based 
is  genesis.  From  this  point  of  view  rocks  are  of  two  great  groups, 
igneous  and  sedimentary.  Igneous  rocks  are  those  which,  like  basalt 
and  granite,  have  solidified  from  a  molten  state.  The  material  of  which 
they  are  formed,  like  that  erupted  from  volcanoes,  has  come  up  from  the 
interior  of  the  earth  in  a  highly  heated  igneous  condition.  Sedimentary 
rocks,  on  the  other  hand,  are  formed  by  the  accumulation  of  sediments 
brought  together  by  some  transx)orting  agent,  generally  water,  and  are 
well  illustrated  by  sandstones,  conglomerates,  shales,  and  limestones. 
The  material  of  which  they  are  made  up  is  derived  from  the  degradation 
of  ihe  land  of  the  earth's  surface.  Sedimentary  rocks  are  sometimes 
called  aqueous^  fragmentalj  or  stratified^  and  igneous  rocks  are  corre- 
8i)ondingly  designated  eruptive,  massive,  or  unstratified,  but  the  various 
terms  in  the  two  series  are  not  strictly  synonymous. 

Before  proceeding  further  with  the  classification,  attention  should  be 
given  to  the  various  stages  through  which  a  rock  may  pass  in  the  cycle 
of  its  existence. 

Under  the  infiuence  of  the  weather,  rocks  exposed  upon  the  earth's 
surface  gradually  decomi)ose  and  disintegrate,  and  the  loose  material 
thus  formed  is  carried  away  by  the  rills,  brooks,  and  rivers  as  sediment 
to  the  sea,  where  it  is  deposited  to  form  new  rocks.  By  the  long-con- 
tinued accumulation  of  sediments  and  outpouring  of  igneous  material, 
sedimentary  and  igneous  rocks  once  upon  the  surface  may  become 
deeply  buried  and  affected  by  the  interna!  heat  of  the  earth.  Further- 
more, many  of  them  become  involved  in  monntainbuilding  proc/csses 
and  subjected  to  such  high  degrees  of  heat  and  pressure  that  the  mate- 
rial of  which  they  are  composed  is  rearranged  more  or  less  completely, 
in  accordance  with  crystallographic  and  other  forces.  By  this  process, 
which  is  largely  dynamic,  the  unaltered  sedimentary  and  igneous  rocks 
become  altered  or  metamorphosed  into  slates,  schists,  gneisses,  and 
other  forms  of  metamorphic  rocks.  In  specimen  128,  metamorphic 
conglomerate,  the  original  fragmental  structure  may  yet  be  seen.  In 
Hoosac  Mountain  this  conglomerate  passes  into  gneiss,  in  which  the 
original  structure  has  entirely  disappeared.  It  should  be  borne  in  mind 
that  this  change,  called  metamoryhism,  does  not  produce  new  rocks;  it 
simply  modifies  old  ones. 

The  earth  movements  by  which  rocks  are  metamorphosed  may  raise 
them  in  mountain  masses  above  the  sea.  After  erosion  has  removed  the 
surface  material  the  once  deeply  buried  metamorphic  rocks  become 
exposed,  weathering  takes  hold  of  them,  and  they  disintegrate,  forming 
residual  sands  and  clays,  which  are  ultimately  washed  awayanddepos- 
ited  in  the  sea.  Old  rocks  are  thus  destroyed  in  providing  material  for 
new  rocks.     The  history  of  a  rock  embraces  three  stages:  (1)  the  stage 
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of  its  origin,  incladiDg  the  time  it  remained  unaltered;  (2)  the  stage  of 
its  alteration ;  and  (3)  the  Btage  of  its  disintegration,  which  is  usually 
very  local  and  brief. 

In  accordance  with  these  stages  rocks  may  be  arranged  under  three 
heads:  (1)  unaltered  rocks;  (2)  altered  or  metamorphic  rocks;  (3) 
residual  rocks. 

It  is  evident  that  the  classification  of  rocks  should  refer  primarily  to 
those  which  are  unaltered.  Metamorphic  rocks  should,  as  far  as  possible, 
be  traced  back  to  their  original  condition,  and  be  arranged  accordingly. 
As  already  indicated,  the  two  fundamental  groups  of  unaltered  rocks, 
based  on  origin,  are  sedimentary  and  igneous,  and  to  the  subdivision  of 
these  two  great  groups  attention  will  now  be  given,  beginning  with  the 
sedimentary. 

Sandstone  (13),  vein  quartz  (25),  and  diatom  earth  (51)  are  all  sedi- 
mentary roi'.ks,  and  being  composed  chiefly  of  silica  have  essentially 
the  same  chemical  composition.  In  each  case  water  was  the  agent 
which  bore  the  material  to  the  point  of  accumulation,  but  the  modes  of 
deposition  were  unlike.  To  make  the  sandstone,  the  sediment  was  i>re- 
cipitated  from  mechanical  suspension  in  the  water,  while  for  both  vein 
quartz  and  diatom  earth  the  material  was  preci])i tilted  from  solution, 
the  former  by  a  chemical  agent  and  the  latter  by  an  organism.  On 
account  of  these  differences  sedimentary  rock  n):iy  be  divided  into 
mechanical,  chemical,  and  organic,  as  indicated  in  the  table,  page  53. 

The  ultimate  classification  of  igneous  rocks  is  a  matter  concerning 
which  there  is  much  difference  of  opinion.  The  chief  divisions  are  often 
based  in  large  measure  upon  mode  of  geologic  occurrence  and  chemical 
composition,  for  these  two  factors  are  the  principal  ones  in  a  deter- 
mination of  the  structural  and  mineralogic  features  of  igneous  rocks. 

Igneous  material  (''magma")  rising  from  the  earth's  interior  may 
break  entirely  through  the  overlying  rocks  and  reach  the  surface,  where, 
exposed  to  the  atmosphere,  it  cools  rapidly;  or  it  may  stop  beneath  the 
surface  on  the  way  up  and  cool  slowly  to  solidification  under  circum- 
stances very  unlike  those  which  obtain  upon  the  surface.  Igneous 
rocks  have  thus  been  divided  by  some  geologists  into  two  groups,  vol- 
canic and  plutonic,  sometimes  called  extrusive  and  intrusive  rocks. 
Although  the  igneous  rocks  of  this  collection  are  not  divided  into 
these  two  groups,  some  of  the  structural  features  of  these,  as  usually 
given,  will  now  be  considered,  for  convenience  in  other  subdivisions. 

Volcanic  or  extrusive  rocks  are  delivered  upon  or  near  the  surface 
by  volcanic  action  and  spread  out  in  streams  or  layers,  either  as  con- 
tinuous flows  or  as  accumulated  fragments  of  lava.  On  account  of  their 
sudden  cooling  many  volcanic  rocks  are  either  wholly  glassy  or  only 
partially  crystalline.  Others  are  holocrystalline,  but  the  mineral  par- 
ticles forming  the  principal  mass  in  such  cases  are  usually,  but  not 
always,  very  minute. 

Platonic  rooks,  on  the  other  hand,  cooling  at  aoiue  d\^\su\^^>^««!L^'aJCvj^ 
Bull.  150-- — ^ 
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the  surface,  solidify  more  slowly  than  volcaDic  rocks  aud  attain  a  rather 
coarsely  crystalline  granular  structure,  excepting  along  their  borders, 
where  they  come  in  contact  with  cooler  rocks.  They  occur  in  masses 
of  various  shapes  and  sizes,  ranging  from  dikes  to  bosses  and  irregular 
batholiths  miles  in  extent. 

Eising  through  stratified  rocks,  the  molten  material  often  spreads 
out  between  the  strata,  forming  low  dome-shaped  masses  (laccolitlis)  or 
sheets  of  nearly  uniform  thickness.  Intrusive  sheets  lying  conformably 
between  strata  resemble  contemporaneous  surface  flows  which  were 
buried  in  tbe  sediments  as  they  were  deposited.  Generally  the  two 
cases  may  be  easily  distinguished  by  studying  the  contact.  Intrusive 
rocks  highly  heat  the  rocks  with  which  they  come  in  contact,  and  fre- 
quently metamorphose  them,  and  are  themselves  finer  grained  near  the 
contact,  owing  to  the  cooling  influence  of  neighboring  masses. 

Although  plutonic  rocks  generally  do  not  extend  to  the  surface,  it  is 
evident  that  volcanic  rocks  always  connect,  at  the  orifice  from  which 
they  issue,  with  plutonic  masses  extending  into  the  earth.  Plutonic 
and  volcanic  rocks  grade  into  each  other,  forming  more  or  less  continu- 
ous series.  All  these,  coming  from  essentially  the  same  magma,  may  be 
regarded  as  belonging  to  the  same  series. 

As  to  chemical  composition,  igneous  rocks  have  a  wide  range.  For 
example,  their  content  of  silica  may  range  from  30  per  cent  to  80 
per  cent,  and  on  this  basis  alone  igneous  rocks  may  be  conveniently 
spoken  of  as  acid^  that  is,  containing  over  05  per  cent  of  silica;  inter- 
mediaUj  55  i)er  cent  to  05  per  cent;  and  ha^ic^  below  55  per  cent. 

The  chemical  nature  of  the  magma  determines  almost  wholly  the 
mineral  composition  of  the  resulting  igneous  rocks.  For  this  reason 
the  classification  of  igneous  rocks  on  a  chemical  basis,  which  is  really 
fundamental,  may  be  expressed  in  large  measure  also  in  terms  of  mineral 
association,  and  its  application  may  be  thus  rendered  much  more  con- 
venient. 

On  a  chemical-mineralogic  basis  igneous  rocks  may  be  divided  into  a 
number  of  families,  each  embracing  all  rocks,  both  volcanic  and  plu- 
tonic, which  have  essentially  the  same  composition,  and  each  series  rang- 
ing in  structure  from  the  glassy  and  porphyritic  forms  of  lava  to  the 
coarsely  crystalline,  even-granular  forms,  like  granite  and  gabbro. 

Silica  is  one  of  the  most  abundant  and  widely  distributed  components 
of  rocks.  For  this  Feason  the  principal  rock-forming  silicates  become 
the  most  impoilant  basis  of  classification,  especially  the  silicates  of  the 
alkalies — feldspar,  nephelite,  and  leucite — and  the  ferromagnesian  sili- 
K^ates — amphibole,  mica,  pyroxene,  and  olivine.  Only  those  families  th  at 
are  represented  by  specimens  in  the  collection  will  be  here  considered, 
and  some  of  these  families  are  not  limited  as  they  might  be  if  the  collec- 
tion were  larger  and  of  greater  variety.  The  following  classification 
corresponds  closely  to  that  reported  May  27, 1897,  by  a  committee  con- 
jmtinji  of  0,  R.  Van  Hise,  W.  H.  Weed^  H.  W.  Turner^  Whitman  Cross^ 
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aud  J.  S.  Diller,  appointed  by  the  Director  of  the  United  States  Geo- 
logical Sarvey  to  consider  the  nomenclatare  of  the  igneous  rocks  and  to 
adopt  a  system  for  use  in  the  geologic  folios  published  by  the  Survey. 

Or anite-rhyolite  family. — Granite  among  plutonic  rocks  and  rhyolite 
among  volcanic  rocks  are  the  types  of  this  family.  They  are  rich  in 
silica,  usually  containing  about  70  per  cent  (65  to  80),  with  approxi- 
mately 8  per  cent  of  the  alkalies,  K20  generally  but  not  always  being 
a  little  in  excess  of  the  NajO.  When  holocrystalline,  their  essential 
minerals  are  quartz  and  alkali  feldspars.  Oligoclase  is  present,  some- 
times in  considerable  but  subordinate  quantities;  also  one  or  more  of 
the  ferromagnesian  silicates  hornblende,  mica,  or  augite,  with  smaller 
amounts  of  accessory  minerals. 

Syenite-trachyte  family, — Syenite  among  plutonic  rocks  and  trachyte 
among  volcanic  rocks  are  the  types  of  this  family.  They  are  not  so 
rich  in  silica  as  the  members  of  the  granite-rhyolite  family,  usually 
averaging  about  69  per  cent  (55  to  68),  with  approximately  9  per  cent 
of  the  alkalies,  K2O  being  in  general  slightly  in  excess  of  NaiO.  Min- 
eralogically  they  are  characterized  by  the  general  absence  of  quartz 
and  the  predominance  of  alkali  feldspars.  As  in  the  granite-rhyolite 
family,  there  is  often  a  large  but  always  subordinate  amount  of  oligo- 
clase present.  Hornblende,  mica,  or  augite  may  be  rather  abundant, 
but  the  whole  amount  of  the  ferromagnesian  silicates  present  is  less 
than  that  of  the  feldspar.    The  rocks  of  this  series  are  rare. 

Nephelite-leucite  rocks. — Nephelite-syenite  and  phonolite  are  respec- 
tively the  abyssal  and  surface  igneous  rocks  of  this  family.  They  con- 
tain so  low  a  percentage  of  silica  (about  54  per  cent)  and  so  high  a 
percentage  of  the  alkalies  (about  14  per  cent)  that  nephelite  and  leucite 
are  formed  and,  although  generally  associated  with  feldspar,  are  con- 
sidered the  characterizing  minerals.  In  the  phonolite  and  nei)helite- 
syenites  the  associated  feldspar  is  largely  orthoclase,  but  in  the  theral- 
ites  it  is  chiefly  plagioclase,  and  on  account  of  such  differences  the 
nephelite-leucite  rocks,  although  rare,  may  be  divided  into  several 
families.  The  hornblende  and  augite  which  these  rocks  contain  are 
usually  rich  in  alkalies. 

Diarite-andesite  family. — Diorite  and  andesite  are  the  plutonic  and 
volcanic  type  rocks  of  this  family.  They  average  about  60  per  cent 
(48  to  70)  of  silica  and  7  per  cent  of  the  alkalies,  Na^O  being  in  excess, 
with  about  6  per  cent  of  the  alkaline  earths,  of  which  the  greater  part 
is  generally  lime.  Consequently  the  characterizing  minerals  are  soda- 
lime  feldspars.  Quartz  is  often  present,  and  also  hornblende  or  mica, 
but  not  in  predominating  quantities.  Augite  is  common  in  andesites, 
but  less  so  in  diorites,  where  its  relative  abundance  indicates  a  degree 
of  approach  to  the  gabbros. 

Oahbro-hasalt  family. — Gabbro  and  basalt  are  respectively  the  plu- 
tonic and  volcanic  types  of  this  family.  They  average  about  50  per 
cent  of  silica,  9  per  cent  of  iron  oxides,  9  per  cent  of  CaO^  6  V)^  c^\^t^ 
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of  MgO,  and  4  per  ceut  of  the  alkalies.  Feldspar  is  usually  less 
abundant  in  this  family  than  in  the  preceding  ones,  and  on  account  of 
increase  in  the  GaO  and  decrease  in  the  alkalies,  it  is  prevailingly 
of  the  lime-soda  variety,  as  distinguished  from  the  soda-lime  variety 
which  prevails  in  the  diorite  family,  although  in  some  cases  the  iilkali 
feldspars  become  important.  As  the  CaO  and  MgO  increase,  pyroxene 
becomes  more  abundant,  so  that  the  holocrystalline  members  of  this 
family  in  general  are  essentially  labradorite- pyroxene  rocks.  The  mem 
bers  of  this  family  and  of  the  diorite-andesite  family  are  the  most 
abundant  of  igneous  rocks. 

Peridotite  family. — Pyroxenite  and  peridotite  are  the  plutonic  types 
of  this  family  and  are  composed,  essentially,  the  first  of  pyroxene  and 
the  last  of  olivine,  by  which  they  are  characterized.  In  chemical  com- 
|K)sition  they  are  especially  rich  in  MgO,  containing  an  average  of  about 
29  per  cent,  with  rather  low  silica  (about  44  per  cent)  and  a  very  small 
percentage  of  the  alkalies  and  alumina,  so  that  they  are  essentially 
feldspar-free  rocks.  Volcanic  rocks  of  this  series  are  rare,  and  as  yet, 
perhaps,  wholly  unknown  in  the  United  States. 

TABULAR  VIEW  AND  CLASSIFICATION  OF  THE  BOCKS  OF  THIS  SERIES. 

STAGES  OF   A    UOCK   CYCLE. 


Origiiiatiou. 


Alteratiou. 


Disiutcgration. 


CLASSIFICATION    OP   ROCKS. 


Unaltered. 
Seilimentury : 

McchuuiL'al. 

Chemical. 

Organic. 
IgDeuuB : 

(Jraiiite-rliyolite  family. 

Syenite-tracbytts  family. 

Ncplu'liuo-lencite  rocks. 

Diorite-audeHite  family. 

Gabl)rc»-l)jisalt  family. 

Peridotite  family. 


Metamorphic.^ 


Mica-Hchist. 


CrvHtalliiie  limestom'i. 


(iranitAi-gueiss. 


Gabbro-gneiss. 
Set-pen  tine. 


Residual, 


Cbiy  of  limestone. 
Sand  of  granite. 


Sand  of  diabase. 


I  Only  a  few  oxamploH  of  metamorphic  and  residual  rocks  are  given,  for  the  purpose  of  showing  their 
relations  to  the  unaltered  forms. 
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UnaUered  sedimentary  rocks. 


Number  of  specimen  iu  the  Moriee. 


MtHrhanical : 

Gravel 1,2. 

I 

Sand 3,4.5.6. 

Loees 7. 

Clay 8,9. 

Conglomemte j  10. 

Breccia i  11. 

Sandfltone 12, 13. 14,ir..  ifi.  17, 18, 19. 

Gray  wacke 20. 

Shale 21,22. 

(Miemical: 

Silioeoas  sinter 23. 

Vein— vein  q  iiartz >  24, 25. 

Siliceons  ool  1 1 « 20. 

Gyitsnm '27. 

Limestone — 


Stalactite 28. 

Travertine 29. 

Oolitic  sand :?0. 

Oolite 31. 

:i2. 


Linionito 

Concretions— 

ClayHtouo 33. 

Containini;  fern 34. 

Marrasit'e .'tt. 

Geode :J6. 

Silicirted  wo<m1  37. 

SiUoifle«l  «Iiell 38. 

Orf^nic: 

Limestone '  39, 40, (41  ),42, 43. 44. (45).4«,  47,48,49.50. 

Diatom  cartli 51. 

FossiliferouH  inm  ore 52. 

I 

Peat 53. 


Coals 


54, 55, 56. 
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Mefamorphio  btdimentarif  rocks. 


Crystalline  limestone 

Marble 

Marble  (dolomite) 

Qoartzite 

Quartz-schist 

Jaspilite 

Magnetic  specnlar  hematite 

Slate  (clay  slate,  roofing  slate) 

Indurated  jointed  shale 

Crumpled  shale 

Faulted  pebble 

Phyllite  (sericite-schist) 

Phyllite  (chlorite-phyllite) 

Metamorphic  conglomerate  (conglomeratu  gneiss) 

Albite-schist 

M  ica-schist 

Hornblende-schist 

Schistose  biotito-gnniss 

Staurolite-inic.i-scbiMt 

Homfels 

Cliinstolite-schist 


115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
120 
130 
181 
132 
133 
134 
135 


Metamorphic  igneous  rocks. 


I    No.  of 
.specimen. 


Aporhj'olite 

Granitoid  gneiss 

£pi«lote- mica-gneiss 

Diabase-amygdaloid 

Quartz-norite-gneiss 

Oametiferous  homblende-schiflt 

Steatite 

Homblendic  gabbro-gnelHS  (gabbro^iorlte) 

Do 

Serpentine 

Magnetite 


13C 
137 
138 
130 
140 
141 
142 
143 
144 
U.'i 
146 


Residual  rocks. 


I    No.i.f 
.specimen. 


Kettidual  sand  of  gneiss 

Itesidual  sand  of  diabase 

Residual  clay  of  feldHpathic  rock  (kaolin) 
KeMidnsl  clay  of  limestone 


147 
148 
149 
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Illustrations  of  surface  modifications. 


Splieniidal  woAthering  in  igneous  rocks 

Si>l)oroi(1al  weathering  in  shale 

Differential  weathering  on  ira]>ure  limestone 
Differential  weathering,  Hnte<l  limestone  .... 

( tlaciateil  rock 

Desert  varnish 


No.  of 
sjiecimen. 


DESCRIPTIONS  OF  SPECIMENS. 

UNALTERED  SEDIMENTARY  ROCKS  OF  MECHANICAL  ORIGIN. 

No.  1.  Beach  Gravel. 

(From  Naiiant,  Massaciii'setts.    DESCuinED  by  J.  S.  Diixer.) 

Specimen  No.  1  consists  of  smooth  pebbles  of  various  sizes.  These 
illustrate  the  character  of  the  pebbles  accumulated  to  form  the  beach 
gravel  of  Nahant.  They  range  in  size  from  that  of  a  pea  to  that  of  an 
^gg'  When  the  fragments  are  as  large  as  a  man^s  head,  the  accumula- 
tion of  pebbles  and  cobblestones  is  called  tthingle.  The  round  form  and 
smooth  surface  of  the  pebbles  in  specimen  No.  1  show  that  they  have 
been  subject  to  much  attrition  on  the  beach.  The  breaking  waves 
(breakers)  are  continually  dashing  against  the  shore,  often  with  great 
violence,  knocking  the  pebbles  together,  breaking  oft'  their  corners,  and 
grinding  all  the  material  within  their  grip  to  finer  gravel,  sand,  and 
clay.  The  water  of  the  broken  wave  returning  to  the  sea  flows  down 
the  beach,  carrying  with  it  some  of  the  gravel,  sand,  and  clay.  As  the 
water  at  the  surface  of  the  ocean  is  carried  landward  by  the  wind 
waves,*  that  on  the  beach  flows  seaward  as  an  undercurrent  (undertow) 
and  distributes  the  fragiiiental  material,  according  to  size,  over  the 
bottom.    This  process  is  illustrated  in  the  accompanying  tig.  7. 

The  beach  is  composed  largely  of  pebbles,  with  some  sand.  The 
undertow  is  generally  not  strong  enough  to  carry  pebbles  far  from 
shore,  but  off  shallow  and  stormy  coasts  sand  may  be  carried  to  a  con- 
siderable distance  (nearly  100  miles  off  the  Atlantic  coast),  and  the  silt 
and  clay  will  be  deposited  still  farther  beyond,  where  the  undertow 
meets  the  deeper  water.  In  this  manner  the  waste  of  the  coast  land  is 
spread  over  the  bottom  of  the  sea  to  form  new  rocks.  As  the  trans- 
porting power  of  the  undertow  varies  with  the  force  of  the  waves 
in  changing  tide  and  winds,  so  its  deposits  will  vary  and  become 
arranged  in  layers — i.  e.,  stratified. 

The  clift*  cut  by  the  sea  in  forming  the  beach  is  a  sea  cliff.  It  is  the 
source  of  the  beach  gravel.    Pebbles  may  already  exist  in  the  loose 


G.  K.  Gilbert,  Lake  Bonneville:  Hon.  U.  S.  Geol.  Sorvey,  Vol.  I,  1890,  pp.  29  and  30. 
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materia]  of  the  cliff,  as  along  the  New  England  coast  at  many  points, 
but  this  is  not  generally  the  case.  The  gravel  of  the  beach  is  usually 
made  from  the  solid  rocks  which  form  the  cliff.  The  force  of  the  waves 
is  so  great  on  stormy  coasts  that  fragments,  small  and  large,  sometimes 
weighing  tons,  are  broken  off  from  the  fissured  cliff  and  tumbled  about 
by  the  dashing  waves,  pounding  one  another  until  ground  to  small  peb- 
bles and  chiy.  The  rocks  of  the  sea  cliff  are  weakened  for  the  attack 
of  the  waves  by  weathering,  but  a  large  part  of  the  destructive  effect 
of  the  waves  is  due  to  the  fa<;t  that  they  are  armed  with  fragments  of 
rock,  which  are  hurled  with  great  force  against  the  cliff,  as  in  a  bom- 
bardment. The  noise  of  such  rock-pounding  by  the  waves  on  a  stormy 
coast  may  sonietimes  be  heard  a  number  of  miles. 

Pebbles  of  soft  material  are  readily  ground  to  pieces  and  disappear. 
It  is  only  those,  like  specimen  No.  1,  of  hard,  relatively  tough,  homo- 
geneous material  that  stand  the  continuous  battering  and  become  well 
rounded.  Of  all  minerals,  quartz  is  the  most  common  one  which  is 
both  physically  and  chemically  hard  and  can  well  resist  the  wear  of 
wave  action.    For  this  reason  many  of  the  beach  pebbles  are  comi)0»ed 

JLanef 

Sea  C///y 


Fio.  7.— Section  of  coast,  ebowiiig  beacb  and  sediments. 

largely  of  quartz.  When  the  waves  are  not  normal  to  the  beach  the 
pebbles  are  thrown  up  the  beach  in  the  direction  of  the  moving  wave 
and  made  to  travel  alongthe  beach.  Such  pebbles  are  well  rounded, 
and  their  size  is  usually,  but  not  always,  proportional  to  the  distance 
they  have  traveled.  The  original  shape  and  structure  of  the  fragments 
are  the  chief  factors  in  determining  the  ultimate  form  of  the  pebbles 
subject  to  the  attrition  brought  about  by  the  waves  on  a  beach.  If  the 
original  fragments  are  flattish,  and  especially  if  their  material  splits 
readily  in  one  direction,  the  pebbles  will  be  flat  with  rounded  edges, 
but  if  of  nearly  cubical  blocks  of  practically  homogeneous  material, 
such  as  granite,  syenite,  and  many  other  igneous  rocks,  they  will  be 
spheroidal,  as  specimen  No.  1. 

There  is  another  natural  process  of  gravel  formation  which  is  of 
much  importance  and  should  be  mentioned  in  this  place,  although 
not  represented  by  specimens.  Streams  of  water  flowing,  over  the 
surface  of  the  land  carry  with  them  rock  fragments  which  have  been 
detached  in  various  ways,  rolling  them  along  the  bottom  of  the  chan- 
nel and  sometimes  picking  them  up  and  drop\A\\^  Wi^vii  vsl^^Cwx,   "W^^ 
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stones  thas  carried  give  and  receive  many  blows,  not  only  striking 
the  bed  rock  of  the  channel,  but  striking  one  another,  and  by  these 
blows  they  are  roonded,  just  as  are  the  stones  rolled  upon  the  beach. 
The  resulting  forms  are  the  same,  and  if  a  typical  sample  of  stream 
gravel  were  added  to  this  collection  it  would  merely  duplicate  the 
sample  of  beach  graveL 

No.  2.    Glacial  Gbavel  (Striated  Pebbles). 

(From  Elkuorn,  Wax.worth  County,  Wisconsin.    Dkscribkd  by  G.  K.  Gilbert.) 

A  glacier  is  a  large  mass  of  ice  moving  slowly  under  the  influence  of 
gravity.  Glaciers  on  mountain  slopes  descend  valleys  and  have  the 
form  of  broad,  deep  rivers.  They  are  fed  at  the  upper  end  by  annual 
accumulations  of  snow,  and  waste  away  by  melting  at  the  lower  end. 
Glaciers  on  plains  are  called  ice  sheets.  They  are  built  up  by  accu- 
mulations of  snow  until  their  own  weight  forces  them  to  spread 
outward,  and  they  waste  away  by  melting  at  their  margins.  A  moun- 
tain glacier  carries  a  load  of  rock.  Some  stones  fall  upon  its  back  and 
are  borne  along  without  modification;  others  are  picked  up  from 
beneath  and  embedded  in  the  ice.  As  one  part  of  the  ice  moves  faster 
than  another,  the  embedded  pebbles  are  rubbed  against  one  another 
and  are  thereby  scratched.  Some  of  them  are  also  rubbed  against  the 
rocky  bed  over  which  the  glacier  moves  and  are  still  more  vigorously 
abraded.  Often  they  are  rubbed  until  quite  flat  on  one  side,  the  flat 
surface  being  polished  and  marked  by  parallel  scratches.  Sometimes 
after  such  flattening  they  are  turned  and  similarly  rubbed  ui)on  another 
side,  and  in  this  way  a  large  number  of  facets  maybe  ground  upon  the 
same  pebble.  Ice  sheets,  similarly,  have  stones  embedded  in  their 
lower  portions,  but  usually  carry  none  upon  their  backs.  The  parts  of 
glaciers  and  ice  sheets  which  waste  by  melting  are  traversed  by 
streams,  which  may  flow  across  the  upper  Isurtace,  beneath  the  under 
surface,  or  in  tunnels  midway.  These  streams  wash  along  the  pebbles 
that  come  in  their  way,  rolling  them  as  they  go  and  giving  them  all 
the  ordinary  characters  of  stream  gravel  or  beach  gravel  (see  specimen 
No.  1).  The  stones  carried  by  glaciers  are  thus  of  three  types:  (1)  The 
unmodified  material  of  the  back  load,  which  usually  consists  of  fragments 
fallen  from  cliff's  and  is  angular;  (2)  the  pebbles  and  bowlders  embedded 
in  the  ice,  which  are  usually  subangular  in  general  form,  and  are  char- 
acterized by  scratches,  or  by  scratches  and  ground  facets;  (3)  the  pebbles 
finally  acted  upon  by  glacial  streams,  which  are  well  rounded  and  have 
smooth  surfaces.  Those  of  the  first  type  resemble  the  stones  of  talus 
slopes;  those  of  the  third  are  not  distinguishable  from  other  stream- 
>vorn  pebbles,  nor  from  beach- worn  pebbles  (specimen  No.  1);  those  of 
the  second  type  are  peculiar  to  glaciers  and  are  distinctively  said  to 
bo  (jlainated.  They  are  illustrated  by  the  specimen  No.  2. 
L  Tlie  corners  of  glaciated  j)ebbles  are  usually  rounded,  so  that  there 
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are  no  sharp  augles,  bat  the  rounding  does  not  approach  in  perfection 
that  illustrated  by  stream  pebbles  and  beach  pebbles.  On  each  flat  facet 
the  strisB  are  parallel,  but  the  direction  is  often  different  on  contiguous 
facets.  ITsually  the  facets  show  also  irregular  scratches,  and  such 
scratches,  with  little  parallelism,  characterize  the  unfaceted  portions 
of  the  surface. 

A  glacier  moves  continuously,  but  slowly,  from  the  region  of  accumu- 
lating snow  to  the  region  of  ablation  or  melting,  so  that  the  stones  it 
receives  are  all  carried  in  the  same  direction,  and  where  the  ice  stream 
ends  by  melting,  the  stones  stop  and  are  accumulated.  Where  pebbles 
are  dei>osited  without  other  material  they  constitute  glacial  gravel, 
but  more  frequently  the  glaciated  pebbles  are  deposited  in  association 
with  clay  and  sand,  constituting  a  material  called  bowlder  clay  or  tilL 
(See  specimen  l^o.  9.) 

In  the  Pleistocene  period  there  were  many  glaeiers  in  the  high 
mountains  of  Colorado,  Utah,  Nevada,  California,  and  the  area  lying 
north  of  these  States,  and  there  were  ice  sheets  in  the  northern  part  of 
the  continent.  One  of  the  ice  sheets,  having  its  center  of  accumulation 
ill  Canada,  spread  over  New  England,  covered  most  of  the  area  bor- 
dering the  Great  Lakes,  and  occupied  the  northern  part  of  the  Great 
Plains.  During  its  existence  it  moved  an  immense  quantity  of  clay, 
sand,  and  stones  southward,  producing  a  deposit  which  in  many 
districts  deeply  buries  the  bed  rock.  The  pebbles  constituting 
8i>ecimen  No.  2  are  from  a  deposit*at  Elkhorn,  Walworth  County,  Wis- 
consin, where  they  were  embedded  in  clay. 

The  reader  will  find  further  information  in  the  descriptions  of  speci- 
mens Nos.  9  and  155.  He  is  also  referred  to  the  second  chapter  of  The 
Great  Ice  Age,  by  James  Geikie;  to  The  Drift:  Its  Characteristics 
and  Eelationshi])S,  by  R.  D.  Salisbury,  in  Vol.  II  of  the  Journal  of 
Geology,  and  to  The  Rock  Scorings  of  the  (Treat  Ice  Invasion,  by 
T.  C.  Chamberlin,  in  the  Seventh  Annual  Report  of  the  United  States 
Geological  Survey. 

No.  3.    Beach  Sand. 

(From  Sullivans  Island,  near  Charleston,  South  Carouna.    Described  by 

J.    S.    DiLLER.) 

The  mineral  fragments  next  smaller  than  pebbles  are  grains,  and  an 
accumulation  of  them  is  sand.  Fragmental  material  grades  in  size  from 
gravel  through  sandy  gravel  and  pebbly  sand  to  pure  sand.  Sand  is 
variously  designated,  according  to  its  mode  of  occurrence  and  origin, 
as  well  as  with  reference  to  its  color,  shape,  and  mineralogic  conipo- 
sition.  Beach  sand,  river  sand,  residual  sand,  black  sand,  sharp  sand, 
quartz  sand,  etc.,  are  among  the  names  thus  given  it. 

Si)ecimen  No.  3,  from  the  ocean  beach  on  Sullivans  Island,  at  the  en- 
trance of  Charleston  Harbor,  is  a  uniformly  fine-grained  sand,  coinimsed 
chiefly  of  angular  grains  of  colorless  tranapaxeut  \\\xw!Vl.    "^oxsi^  viS.\\\«k 
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grains  of  (]iiartz  are  rounded  and  a  few  are  stained  yellowisli  by  oxide 
of  iron.  If  the  sand  is  stirred  with  a  small  horseshoe  magnet,  only  a  few 
small  grains  of  magnetite  may  be  found  adiiering  to  the  poles.  Some 
of  the  black  grains  are  relatively  earthy  material,  such  as  results  from 
the  decomposition  of  ferromagnesian  silicates  like  augite.  Other  black 
grains  are  yellowish  green  by  transmitted  light,  and  slightly  pleochroic, 
with  a  large  cleavage  angle,  but  a  small  angle  of  extinction,  and  are 
believed  to  be  hornblende.  There  are  a  few  thin,  light-gray,  pearly 
scales  of  a  cloudy,  transpnrent,  biaxial  mineral  like  somewhat-altered 
muscovite.  Clear,  angular,  glassy  grains  of  microcline  and  plagioclase 
were  seen,  without  tra<*es  of  kaolinization.  Numerous  small  white  frag- 
ments of  molluscan  shells  are  present. 

The  sand  is  so  largely  composed  of  quartz  that  it  affords  a  good 
example  of  quartz  sand.  Many  of  the  grains  are  sharp  angular,  show- 
ing shallow-curved  pittings,  resulting  from  conchoidal  fracture.  A 
larger  proportion  of  the  grains  show  more  or  less  rounded  corners  with 
dull  surfaces  like  ground  gla^s.  due  to  the  attrition  of  the  grains  among 
themselves  when  moved.  Grains  of  sand  are  so  light  in  water  that  the 
feeble  knocks  they  give  one  another  when  liustled  about  by  the  waves 
and  currents  make  little  impression  as  compared  with  that  made  and 
received  by  pebbles.  For  this  reason  grains  of  beach  sand  will  remain 
angular  where  pebbles  become  well  rounded.  Sand  of  well-rounded 
grains  worn  only  by  water  indicates  longcontinued  exposure  to  the 
action  of  the  waves.  Waves  and  currents  inclined  to  the  coast  cause 
the  sand  to  travel  along  the  coast.  The  farther  the  sand  travels  the 
larger  the  proportion  of  its  rounded  grains. 

The  character  of  the  sand  in  specimen  No.  3  is  such  as  to  indicate  that 
it  is  derived  from  two  sources:  (1)  From  the  decomposed  and  disinte- 
grated crystalline  rocks,  like  gneiss  and  granite,  rich  in  quartz;  and 
(2)  from  the  breaking  up  of  quartz- feldspar  rocks  without  decomposi 
tion.  The  iron-stained  grains  of  quartz  and  the  complete  absence 
of  decomposed  feldspar  indicate  that  it  was  derived  from  residual 
materials;  the  feldspar,  having  completely  decomposed,  forming  kaolin 
and  muscovite,  was  entirely  separated  from  the  quartz  by  the  sorting 
action  of  the  waves.  The  glassy  quartz  with  conchoidal-fracture  sur- 
faces and  the  clear  fresh  feldspar  indicate  rock  breaking,  for  such 
unaltered  material  could  not  be  of  residual  origin.  The  feldspar  would 
show  clouding,  due  to  alteration. 

The  beach  sand  of  the  Atlantic  coast  is  part  of  the  formation  now 
developing  in  that  region  from  the  waste  of  the  land.  Other  minerals 
besides  feldspar  are  reduced  to  finer  particles  by  de<*oni position,  and 
removed  in  the  process  of  sorting,  thus  concentrating  the  quartz  to 
form  sand.  The  bulk  of  nearly  all  sand  is  quartz,  a  condition  which 
naturally  results  from  the  chemical  and  physical  durability  of  that 
mineral.  A  considerable  portion  of  it  has  been  derived  from  the  erosion 
of  the  Cretaceous,  Tertiary,  and  I*leistoccne  sandstones  of  the  Coastal 
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Plain.  Thus  it  liappens  that  the  saiuo  grain  of  sand  in  tbe  conrse  of 
its  history  may  ha^  e  belonged  successively  to  a  series  of  dift'ereut  sand- 
stones, and  be  much  older  than  the  formation  in  which  it  occurs. 

Closely  related  to  beach  sand  is  river  sand,  which  is  deposited  along 
the  courses  of  streams  through  the  land.  The  grains  of  river  sand 
are  usually  less  rounded  than  those  of  beach  sand.  When  composed 
wholly  of  angular  grains,  it  is  often  called  sharp  sand  by  builders,  who 
use  it  in  making  mortar.  Varieties  of  both  river  and  beach  sand  are 
sometimes  based  on  miueralogic  composition.  Magnetic  sand  or  iron 
sand  is  rich  in  magnetite  or  other  ore  of  iron.  Micaceous  sand  contains 
much  mica.  Feldspathic  sand  is  rich  in  feldspar.  Gold  sand  or  aurif- 
erous sand  contains  particles  of  gold,  and  at  some  places  along  the 
coast  of  Oregon  and  elsewhere  has  been  washed  for  gold.  Auriferous 
sand  is  usually  black  and  is  sometimes  called  hl^cJc  sand,  because  of 
the  magnetite  and  other  heavy  black  minerals  it  contains. 

No.  4.    Dttne  Sand  (Eolian  Sand). 

fFROM  San  Fuanx'isco,  California.    Dkscriukd  by  J.  8.  Dillku.) 

This  sand  was  collected  from  the  dunes  near  Golden  Gate  Park, 
between  San  Francisco  and  the  Clift*  llouse.  PL  XI  illustrates  a  por- 
tion of  the  wind  rippled  surface  of  one  of  these  dunes.  The  twigs  in 
the  foreground  show  the  direction  of  the  prevailing  wind  from  the 
coast.  The  sand  from  the  adjacent  seabeach,  like  that  on  many  other 
coasts,  is  blown  inland  by  the  storms  from  the  sea  to  form  the  knolls 
and  ridges  of  the  dunes.  They  are  well  developed  ocasionallyin  arid 
regions,  and  also  along  the  shores  of  lakes;  for  example,  Lake  ]\Iichi*x;in 
(sec  PI.  VI),  where  the  evidence  of  strong  winds  is  seen  in  the  inclina- 
tion of  the  trees. 

A  glance  at  si)ecimen  No.  3  with  a  lens  discloses  the  fact  that  the  graiiis 
are  all  well  rounded.  In  this  respect  dune  sand  differs  from  ordinary 
beach^and  river  sand,  but  the  difference  is  only  one  of  gradation.  Sand 
is  relatively  much  heavier  in  air  than  in  water,  so  that  when  hurled  by 
wind  the  grains  strike  much  harder  blows  than  when  borne  by  water, 
and  this  fact  fully  accounts  for  the  greater  roundness  of  dune  sand. 

In  mineralogic  composition  dune  sand  is  generally  as  variable  as 
river  and  beach  sand.  Specimen  No.  1  is  composed  chiefly  of  quartz, 
although  the  proportion  of  quartz  is  not  so  large  as  in  specimen  No.  3. 
In  No.  4  there  are  so  many  grains  of  hornblende  and  other  black 
minerals  as  to  give  the  sand  a  decidedly  dark  color.  Most  of  the 
coarse  grains  are  clear  and  colorless  or  have  a  slight  rusty  tinge  due 
to  oxide  of  iron.  Considerable  sand  was  examined,  but  no  feldspar 
was  found  in  it.  The  magnet  picks  up  numerous  small  black  grains  of 
magnetite  and  grains  of  other  colors  inclosing  small  particles  of  mag- 
netite. Most  of  the  larger  black  grains  in  the  sand,  when  crushe<l,  are 
found  to  be  a  transparent,  pleochroic,  greenish-yellow  mineral  with  the 


62  THE   EDUCATIONAL   SERIES   OF   ROCK   SPECIMENS.      [bull.  150. 

extinction  and  cleavage  angle  of  hornblende.  Other  clear-green  vit- 
reous grains  without  pleochroism  and  with  a  large  angle  of  extinction 
are  probably  pyroxene.  The  grains  with  a  dull  or  waxy  luster,  ranging 
in  color  between  red,  light  yellow,  gray,  green,  and  brown,  when 
crushed  and  exposed  under  a  lens  appear  to  be  fine,  powdery,  siliceous 
material  like  that  obtained  by  crushing  small  pieces  of  variously  colored 
siliceous  slates  and  jasper,  such  as  are  abundant  in  the  Coast  Kange. 
Sand  dunes  border  nearly  all  lacustral  and  marine  coasts  that  are  not 
rocky,  and  are  usually  in  the  form  of  irregular  rounded  ridges  or 
mounds  parallel  to  the  beach  and  with  the  steeper  slope  to  the  laud- 
ward.  They  occur  not  only  along  the  coasts,  where  the  sand  is  derived 
from  the  beaches,  but  also  in  arid  regions  of  the  interior.  They  are 
abundant  in  the  great  desert  region  of  Korth  Africa  and  Arabia,  as 
well  as  at  a  number  of  points  in  the  western  part  of  our  own  country. 
They  sometimes  cover  many  square  miles,  and  the  accumulated  sand 
may  be  hundreds  of  feet  in  thickness.  San  Francisco  is  largely  built 
on  sand  dunes,  which  cover  most  of  the  northern  end  of  the  peninsula. 
The  prevailing  winds  from  the  southwest  blow  the  sand  inland  in  a 
rhythmical  way  and  beautifully  ripple-mark  the  surface  of  the  dunes. 
Owing  to  the  local  eddies  and  irequent  shifting  of  the  winds,  the  struc- 
ture of  the  dunes  is  very  irregular.  It  may  be  compared  with  the 
cross  bedding  occasionally  seen  in  water  deposits.    (See  PI.  I.) 

With  variation  in  the  direction  and  force  of  the  winds  and  in  the 
supply  of  sand,  the  dunes  change  their  form  and  sometimes  trawl 
slowly  inland.  On  the  western  border  of  Europe,  where  blowing  sand 
occupies  nearly  half  the  coast  from  the  Pyrenees  to  the  Baltic,  their 
advance  varies  from  place  to  place,  and  ranges  between  3  and  24  feet 
per  annum.  Fertile  fields  and  houses  of  once  populous  districts  have 
been  buried  by  advancing  dunes.  Streams  have  been  turned  from 
their  courses,  and  the  whole  region  has  been  converted  into  sand  wastes. 
Such  devastation  can  be  averted  to  a  great  extent  by  planting  grass  to 
hold  the  sand,  and  trees  to  break  the  wind.  In  Gascony,  on  the  south- 
west coast  of  France,  where  dunes  are  very  large,  extending  along  the 
sea  for  150  miles,  with  a  breadth  of  belt  at  times  as  much  as  6  miles, 
and  rising  frequently  to  the  height  of  300  feet,  the  devastation  by  the 
advancing  dunes  was  checked  and  averted  to  a  considerable  extent  by 
planting  and  growing  pines. 

Sands  shifted  by  the  winds  are  not  confined  to  the  seacoast,  but 
occur  on  the  borders  of  many  lakes,  as  well  as  in  the  arid  regions  of 
the  interior.  They  may  be  seen  on  the  western  shore  of  Lake  Michi- 
gan (see  PI.  VI),  where  the  dunes  reach  a  height  of  100  to  200  feet. 
Forests  once  entombed  beneath  them  are  being  again  exposed  by  eolian 
erosion. 

In  desert  regions  the  absence  of  vegetation  exposes  the  rocks  directly 
to  the  weather,  and  the  dryness  is  especially  favorable  to  transportation 
of  sand  by  the  winds,  which  are  often  vigorous.    The  blown  sand  in 
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Bnch  regions  carves  the  exposed  stonevS  and  ledges  in  a  x)eculiar  manner. 
The  discovery  of  this  geologic  phenomenon  led  to  the  invention  of  the 
sand  blast,  which  is  now  a  mechanical  process  of  considerable  import- 
ance fu  the  arts. 

The  eolian  sands  of  the  arid  regions  of  North  America  have  been 
described  by  Prof.  1. 0.  Eussell :  Geological  Magazine,  Jnly  1889,  p.  280. 
Like  those  of  the  coa«t,  the  daues  of  the  interior  regions  are  composed 
chiefly  of  quartz,  but  exceptions  to  this  rule  occur  occasionally.  Pro- 
fessor Kussell  reports  small  dunes  in  Carson  Desert  composed  of  casts 
of  small  crusta<;eans  (Oypris),  and  others  near  Fillmore,  Utah,  com- 
posed of  crystals  of  gypsum.  On  parts  of  the  coast  of  Cornwall, 
England,  the  dune  sand  consists  mostly  of  fragments  of  land  and  sea 
shells.  The  material  has  been  used  as  a  fertilizer.  In  places  it  is  so 
firmly  lithified  by  calcareous  cement  that  the  rock  can  be  used  for 
building.  References  to  the  most  important  papers  on  dune  sand  are 
given  by  Geikie  in  his  Text-Book  of  Geology,  third  edition,  pp.  335, 330. 

No.  o.  Greensand. 

(From  Farmingdalk,  Monmouth  County,  Nkw  .Ikrsky.     ])kscrihki)  »y 

.J.  S.  Dillkr.  ) 

Greensand  is  a  sand  characterized  by  the  presence  of  the  greenish 
mineral  glauconite,  which  is  essentially  a  hydrous  silicate  of  aluminum, 
iron,  and  potash.  It  is  abundant  in  the  Cretaceous  formation  along 
the  Atlantic  coast,  especially  in  New  Jersey,  where  the  series  which  it 
characterizes  has  a  thickness  of  nearly  550  feet.  The  greensand  series 
is  well  stratified,  and  contains  in  places  an  abundance  of  marine  fossils. 
Typical  greensand,  of  which  specimen  Xo.  5  is  an  example,  is  composed, 
besides  the  glauconite,  of  some  clay,  and  generally  also  some  calcareous 
matter,  with  minerals  like  those  derived  from  the  disintegration  of 
crystalline  rocks  in  the  waste  of  the  land.  Quartz  is  most  abundant, 
but  feldspar,  hornblende,  magnetite,  augite,  zircon,  epidote,  tourmaline, 
garnet,  and  other  minerals  are  present  in  small  amounts.  It  contains 
also  a  few  small  fragments  of  gneiss  and  other  rocks. 

The  principal  component,  glauconite,  is  usually  in  more  or  less 
rounded,  sometimes  mammillated  grains  about  1"""  in  diameter.  By 
means  of  a  phosphatic  cement  the  smaller  grains  are  occasionally  bound 
together,  forming  nodules.  The  color  of  the  glauconite  grains  is  black 
or  dark  green  when  fresh,  and  brownish  when  altered.  The  mineral  is 
soft  and  easily  crushed,  yielding  in  thin  section  light-green  colors  by 
transmitted  light  and  fine  aggregate  polarization  between  crossed 
nicola.  Fine  punctures  may  occasionally  be  seen  upon  the  surface  of 
the  grains;  at  other  times  they  are  smooth  and  shining;  but  generally 
they  are  dull  and  the  surface  is  rather  irregular.  Some  of  the  grains  are 
distinct  internal  casts  of  foraminiferal  cah^areous  shells,  but  generally 
the  form  of  the  shell  chambers  is  not  sharply  preserved.  Dr.  C.  E.  Lord, 
who  examined  in  the  laboratory  the  upper  marl  of  E^m\\i\^<^*d\!^^\^\^Q\\s^ 
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that,  besides  containing  glauconite,  the  marl  is  characterized  miueralog- 
ical]y  by  the  i)resence  of  niicrocliue,  biotite,  and  mnpcovite,  a  great 
scarcity  of  chlorite  and  amphibole,  and  an  increase  in  the  size  of  the 
quartz  grains,  which  are  round  and  often  attain  3"'"'  in  diameter, 
although  generally  in  the  greensands  the  average  diameter  is  about  1"'™. 
Gypsum  and  phosphorite  are  present.  These  minerals  are  rarely  sepa- 
rated, and  occur  in  large  quantities  in  the  argillaceous  gray  marl  near 
Farmingdale.  The  phosphorite  occurs  in  the  form  of  an  earthy,  amor- 
phous, colorless  substance,  frequently  inclosing  grains  of  glauconite  or 
fragments  of  other  minerals,  and  occasionally  the  spines  and  teeth  of 
fishes.  It  is  easily  separated  and  subjected  to  qualitative  analysis  to 
prove  that  it  is  phosphate  of  lime. 

Much  light  has  been  thrown  upon  the  formation  of  greensand  by  the 
work  of  the  Challenges  expedition.  Approximately  1,0(10,000  square 
miles  of  the  sea  floor  is  now  covered  by  glauconitic  deposits,  and  they 
are  limited  in  their  development  to  certain  areas  adjacent  to  the  land 
where  Foraminifera  are  present  and  the  amount  of  sediment  is  small. 
The  depth  generally  is  between  100  and  200  fathoms,  although  glauco- 
nite is  sometimes  found  at  much  greater  depths. 

In  the  glauconitic  material  dredged  ui»  from  the  j)resent  sea  floor  by 
the  Challenger  and  other  expeditions,  llie  grains  of  glauconite  are  com- 
monly found  in  the  cavities  of  Foraminifera  and  other  organisms,  and 
in  many  other  cases  the  grains  show  clearly  the  interior  casts  of  such 
shells,  the  shells  having  disappeared.  This  association  is  so  general 
that  all  the  probabilities  appear  to  favor  the  opinicm  that  the  glauconite 
was  formed  originally  in  the  cavities  of  organisms.  Greensand  has  been 
found  in  greater  or  less  amounts  in  nearly  every  geologic  horizon  from 
the  Cambrian  down  to  the  present  time,  but  is  especially  abundant,  as 
already  indicated,  in  portions  of  the  Cretaceous.  Greensand  is  exten- 
sively used  in  New  Jersey  as  a  fertilizer. 

The  student  will  find  much  additional  information  concerning  ilie 
formation  of  the  glauconitic  deposits  of  the  present  oceans  in  the  Chal- 
lenger Eeport  of  Deep  Sea  Deposits,  especially  on  pp.  378  to  391.  Con- 
cerning the  greensands  of  the  Atlantic  coast,  reference  may  be  made 
to  A  Preliminary  Keport  on  the  Cietaceous  and  Tertiary  formations 
of  New  Jersey,  by  W.  B.  Clark,  in  the  Annual  Report  of  the  State 
Geologist  of  New  Jersey  for  1892,  pp.  1G9  to  245;  also  to  the  Journal  of 
Geology  (February  and  March,  1894),  Vol.  II,  p.  161. 

No.  0.  Fossils  from  Marine  Sand. 

(FKf)M  Grove  Wharf,  James  City  County,  Virginia.    Described  by 

J.    S.   DiLLBR.) 

In  the  beach  sand  of  specimen  No.  3  there  are  fragments  of  shells 
broken  up  by  the  waves.  At  many  places  along  the  coast  the  shells  are 
buried  in  the  sand  before  they  are  broken.    This  takes  place  esi)ecially 
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beneath  the  water  a  little  offshore,  or  in  a  bay,  where  the  force  of  the 
waves  is  not  bo  violent  as  ou  an  exposed  beacb  and  animal  lifb  is 
abundant  to  supply  the  shells.  When  buried  so  as  to  become  a  part  of 
the  earth,  and  thus  to  form  a  record  of  the  kind  of  auimals  that  lived 
while  the  sand  was  being  deposited,  the  shells  are  /osniU.  The  two 
shells  of  specimen  No.  ti  are  fossils  whose  specific  names  are  Venus 
mera^aria  and  Pectenjeffersonius.  They  were  found  buried  in  the  sand 
as  illustrated  in  fig.  S.  The  clams  and  scollops  wliiuh  bore  these  shells 
lived  and  died  in  the  sea  during  the  geologie  epoch  known  as  the  Mio- 
cene. The  bodies  disappeareil,  but  the  shells  remained  unaltered, 
buried  in  the  sand,  to  tell  of  the  life  of  that  ancient  time. 

The  presence  of  the  shells  in  the  blaifs  on  the  land  fai-  from  tlie  sea 
shows  that  during  the  Miocene  ejioch  the  ocean  covered  much  of  wliat 
is  now  dry  land,  and  that  since  then  the  sea  bottom  at  that  paiticular 
place,  and  in  fact  all 
along  the  Atlantic  coiist 
of  tlie  United  States  from 
MasHachusetts  to  Florida, 
has  been  raised  and  the 
coast  line  moved  farther 
eastward  to  its  presei  t 
jKtsition. 

Specimen  So.  (i  fur 
nishes  an  example  of  the 
simplest  type  of  fossdizi 
tioii.  The  organism  is 
buried  and  a  large  part 
of  it.  the  shell,  remains 
unaltered.  8i)eciinen  No 
38  illustrates  a  type  of 
fossihzation  in  which  the 

shell      is       COmpIetelj      F  a  S -she  is  in  maHue  md     at  Ca    bis  Gtu  b    dd  Junes 

changc<l,   and    only    the 

outer  form  is  preserved  whde  in  si>ec  mei  No  i  whicl  isitlirltjpe 
although  the  organic  matter  IS  c  miletelj  rej  liced  tl  e  i  te  I  i  id 
delicate  internal  structurt  of  tl  e  w  o  1    re  comj  letely  i  re'icrved 
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Loess. 


KKIi    IIV   .1.    5.    UlLLBR.) 

The  pale- yellowish,  homogeneous,  fine-granular,  somewhat  calcare- 
ous earthy  material  forming  the  bluffs  at  Muscatine,  Iowa,  and  else- 
where along  the  Mississippi  is  called  {(>««».  The  name  was  first  given 
to  material  of  the  same  sort  occupying  the  valley  of  the  Rhine. 

The  loess  of  Muscatine  is  intermediate  in  fineness  of  griiin  between 
sand  and  clay,  and,  although  it  appears  remarkably  uniform,  there  is 
considerable  range  in  the  size  of  the  particles — bom  a>\M\A  V  \uw>.  nj^ 
Ba)l  150 5 
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0.0001  mm.  in  diameter — the  fiuer  material  forming  by  far  the  greater 
portion  of  the  mass.^  Under  the  micro8co)>e  it  is  seen  that  most  of  the 
grains  are  angalar  or  sabangnlar,  bat  many  are  distinctly  roanded, 
showing  that  at  some  stage  of  its  existence  they  have  been  subjected 
to  considerable  attrition.  Quart'Z  is  the  most  abandant  mineral  in 
both  ronnded  and  angular  grains.  Clear,  colorless  grains  of  orthoclase 
and  plagioclase  feldspar  and  green  pleochroic  fragments  of  hornblende 
are  common  but  not  abundant.  Yellowish,  strongly  pleochroic,  foliated 
scales  of  biotite  occur  occasionally,  and  rarely  fragments  of  a  pale- 
reddish,  strongly  absorbing  mineral,  supposed  to  be  tourmaline.  There 
are  a  small  number  of  black,  opaque  grains,  some  of  which  are  prob- 
ably ores  of  iron,  although  none  were  found  to  be  magnetic,  even  after 
healing.  The  tiocculent  yellowish  or  rusty-gray  particles  are  clay,  col- 
ored chiefly  by  oxide  of  iron.  They  become  decidedly  reddish  by  igni- 
tion, just  as  in  the  manufacture  of  red  bricks  the  yellowish  hydrous 
oxide  of  iron  (limonite),  by  heating  and  driving  off  the  water,  is 
changed  to  red  hematite. 

In  dilute  hydrochloric  acid  the  loess  effervesces  vigorously,  but  only 
for  a  few  moments,  showing  the  presence  of  small  amounts  of  carbon- 
ate of  lime.  It  generally  occurs  in  the  form  of  small  nodules  or  tubcB, 
and  by  studying  the  loess  in  the  field  it  has  been  found  that  the 
minute  tubes  represent  the  rootlets  of  vegetation  penetrating  from  the 
surface.  They  ramify  the  deposit,  but  as  their  general  direction  is  ver- 
tical they  give  to  the  loess  a  vertical  stiiicture,  which  tends  to  make 
it  form  cliffs  where  sufficiently  thick  and  properly  exposed.  This  fea- 
ture can  be  seen  in  PI.  VII,  which  shows  a  typical  exposure  of  the 
loess  at  Muscatine.  At  this  exposure  the  loess  appears  to  be  massive, 
i.e.,  without  evident  stratification.  Such  is  the  general  character  of 
the  loess,  but  at  other  exposures  in  the  same  region  there  are  distinct 
traces  of  stratification  due  to  aqueous  deposition. 

Besides  the  mineral  constituents  already  noted,  the  loess  from  Mus- 
catine contains  a  few  minute  coiled  shells  of  land  snails.  According 
to  W  J  McGee,^  the  loess  of  the  southern  part  of  the  State  contains 
also  the  fragments  of  other  land  animals,  a  few  water  snails,  and  still 
fewer  mussels,  the  latter  of  subarctic  and  arctic  facies.  The  land  ani- 
mals are  most  closely  related  to  arctic  and  subarctic  forms,  indicating 
that  the  loess  originated  during  a  cold  epoch. 

The  distribution  of  the  loess  in  the  Mississippi  Valley,  as  recently 
pointed  out  by  Ohamberlin,  may  be  summed  up  in  two  great  features: 
It  is  distributed  (1)  along  the  leading  valleys,  and  (2)  along  the  border 
of  the  former  ice  sheet  at  the  stage  now  known  as  the  lowan.  The 
loess  occurs  principally  in  the  valleys  of  the  Missouri,  Mississippi, 
Illinois,  and  Wabash  rivers.  Along  the  Missouri  River  it  is  found 
from  southern  Dakota  to  its  mouth,  and  along  the  Mississippi  Elver 


I  Report  of  the  niinois  World's  Fair  Coioroi»sion,  by  MiltoD  Whitney,  pp.  93-lU. 
'Eioventh  Ann.  Bept.  IT.  S.  Geol.  Survey,  Part  I,  1891,  pp.  800  and  471. 
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from  Minnesota  to  soathern  Mississippi.  Along  the  Illinois  and  the 
Wabash  it  occurs  from  the  points  of  their  emergence  from  the  territory 
of  the  later  glacial  sheet  to  their  mouths.  In  all  these  valleys  the 
loess  is  thickest,  coarsest,  and  most  typical  in  the  bluffs  bordering  the 
rivers,  and  becomes  finer,  thinner,  and  nontypical  as  the  distance  from 
the  rivers  increases. 

The  distribution  of  the  loess  along  the  front  of  the  ice  sheet  in  glacial 
times  was  elaborately  worked  out  for  Iowa  by  Mr.  McGee,  who  showed 
that  the  loess  material  was  the  fine  stufi'  ground  up  by  the  glacier 
which,  during  the  loess  epoch,  terminated  in  that  region.  Many  others 
have  so  greatly  extended  the  evidence  of  this  relation  that  it  is  now 
generally  accepted  as  one  of  prime  importance  in  considering  the  origin 
of  the  loess.  While  it  appears  to  be  clear  that  the  material  of  the 
loess  in  the  Mississippi  Valley  was  furnished  by  the  ice  sheet,  and  that 
in  some  way  it  was  distributed  chiefly  by  water,  there  are  many  puz- 
zling features  of  its  distribution  that  are  not  easily  accounted  for;  as, 
for  example,  the  wide  range  in  altitude  of  the  loess  deposits.  The 
extent  of  the  vertical  range,  as  pointed  out  by  Chamberliu,  is  about 
1,000  feet,  and  frequently  the  range  within  a  score  of  miles  is  from 
500  to  700  feet.  The  fluctuating  floods  of  the  loess  epoch  must  have 
exposed  portions  of  the  loess-covered  flats  to  the  action  of  the  wiuds, 
and  the  fact  that  evidences  of  wind  action  in  the  original  deposition  of 
the  loess  have  been  observed  has  led  Ohamberlin  to  suggest  that  eolian 
as  well  as  aqueous  agencies  may  have  played  an  important  part  in  the 
deposition  of  the  loess  of  the  Mississippi  Valley. 

Loess  similar  to  that  of  the  Mississippi  Valley  has  been  recognized 
in  many  parts  of  the  earth,  especially  in  the  valley  of  the  Ehine,  along 
the  Danube,  and  in  various  portions  of  southeastern  Asia.  Notwith- 
standing the  similarity  of  its  general  features  in  many  regions,  its 
origin  may  be  very  diverse.  In  China,  for  example,  its  large  masses 
are  supposed  by  Richthofen  to  be  chiefly  wind-blown  material  derived 
from  the  disintegration  of  the  rocks  in  the  adjacent  hills.  Prof.  I.  C. 
Bussell^  has  shown  that  the  ^' adobe''  in  the  arid  regions  of  the  West 
is  practically  identical  with  the  loess  of  China,  and  that  its  subaerial 
accumulation  is  to  be  mainly  ascribed  to  the  action  of  ephemeral 
streams.  Wherever  it  occurs  the  loess  or  adobe  is  a  fertile  soil  and, 
excepting  in  arid  regions,  sustains  a  large  agricultural  population. 

The  student  will  find  further  information  on  this  subject  in  the  fol- 
lowing papers:  The  Driftless  Area  of  the  Upper  Mississippi  Valley,  by 
T.  C.  Chamberliu  and  R.  D.  Salisbury,  Sixth  Annual  Report  of  the 
United  States  Geological  Survey  (1884^'8o),  pp.  278-307 ;  The  Pleisto- 
cene History  of  Kortheastern  Iowa,  by  W  J  McGee,  Eleventh  Annual 
Report  of  the  United  States  Geological  Survey  (1889-'90),  Part  I,  pp. 
291-303;  Supplementary  Hypothesis  Respecting  the  Origin  of  the  Loess 
of  the  Mississippi  Valley,  by  T.  C.  Chamberlin,  Journal  of  Geology, 
Vol.  V  (November-December,  1897),  pp.  795-802. 


'  Geological  Magasine,  1889,  p.^49. 
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No.  8.  Brick  Clay. 

(From  Brick  Haven,  Alexandria   County,   Virginia.      Described  by  J.  S. 

DiLLER.) 

Fine  earthy  material  like  specimen  Ko.  8,  which  is  somewhat  firm  and 
brittle  when  dry.  but  plastic  and  tenacious  when  wet,  is  clay.  When 
pure,  it  is  composed  essentially  of  silicate  of  aluminum.  Generally, 
however,  it  is  impure  from  the  presence  of  fine  grains  of  quartz  and 
oxide  of  iron,  as  well  as  other  minerals. 

Specimen  No.  8  is  clay  from  a  bank,  represented  in  PL  VIII,  on  the 
Virginia  side  of  the  Potomac,  nearly  opposite  Washington.  Its  pale- 
yellowish  color  is  due  to  the  presence  of  hydrous  oxide  of  iron  (limonite), 
which  when  the  brick  is  burned  loses  water  and  becomes  hematite, 
coloring  the  brick  red. 

When  stirred  in  water  the  clay  readily  goes  to  pieces;  the  coarse 
particles  subside  rapidly,  the  finer  ones  slowly.  By  decanting,  the 
material  can  be  separated  into  portions  differing  in  size  of  the  particles. 
Under  the  microscope  the  coarser  portion  is  seen  to  contain  numerous 
grains  of  quartz,  with  a  few  of  clear  banded  feldspar.  There  are  occa- 
sional minute  round  nodules  of  limonite;  and  nearly  all  the  grains  of 
sand,  as  well  as  of  clay,  are  stained  yellowish  by  oxide  of  iron.  The 
coarser  portion  is  made  up  chiefly  of  quartz  grains  and  oxide  of  iron, 
and  many  of  the  grains  of  quartz  are  well  rounded.  In  the  finer  por- 
tion clay  particles  are  more  abundant,  but  they  are  much  smaller  than 
the  quartz  and  other  mineral  fragments.  The  clay  is  in  very  fine  scales 
and  is  stained  reddish  yellow  by  oxide  of  iron.  The  scales  look  like 
minute  flakes  of  mica,  but  may  be  distinguished  by  their  very  weak 
double  refraction.  Tlie  basis  of  clay  is  silicate  of  aluminum,  and  when 
pure  in  minute  scales  it  is  colorless.  The  aggregation  of  such  scales 
looks  white,  like  snow,  on  account  of  its  porous  structure. 

Clay  is  the  insoluble  residue  left  from  the  decomposition  and  disinte- 
gration of  aluminous  silicates,  especially  feldspar,  but  it  is  derived  also 
from  nephelite,  scapolite,  and  other  minerals  containing  much  silica  and 
alumina.  The  white  clay  (kaolin)  derived  from  feldspar  is  illustrated  in 
specimens  Nos.  147, 148,  and  149,  which  are  the  residual  material  of  feld- 
spatbic  rocks.  Specimen  No.  150  is  clay  derived  from  the  decomposition 
of  an  argillaceous  limestone.  The  clay  was  originally  deposited  with 
the  carbonate  of  lime  in  the  limestone  as  it  formed.  Later,  when  the 
limestone  was  raised  above  the  sea  and  exposed  to  the  weather,  the 
rain  dissolved  the  soluble  carbonate  of  lime  and  left  the  insoluble 
residual  clay. 

The  clay  represented  by  specimen  No.  8  forms  a  deposit  of  consider- 
able extent  along  the  Potomac  near  Washington,  and  differs  from  the 
clays  mentioned  jibove  in  that  it  has  been  transported  by  water  from  the 
place  where  it  originated  to  its  present  position.  The  deposit  rises  less 
"u/  J  JO  feet  above  the  river.    It  is  extensively  used  in  the  manufacture 
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of  brick,  aud  a  view  in  one  of  the  clay  pits  is  given  in  PI.  YIII.  Ac- 
cording to  W  J  McGee,'  the  clay  belongs  to  the  Golnmbia  formation, 
and  was  deposited  in  an  estuary  on  the  borders  of  a  river  delta  of  the 
ancient  Potomac.  At  the  time  this  clay  was  deposited  (i.  e.,  during 
the  later  Columbia  epoch)  the  Atlantic  slope  in  the  vicinity  of  Wash- 
ington stood  about  150  feet  below  its  present  level.  The  Potomac  en- 
tered the  estuary  at  Washington  and  dropped  its  load  of  sediment,  of 
which  the  clays  were  the  finer  x>ortion.  They  were  derived,  at  least 
in  large  part,  from  the  loose  mantle  of  residual  material  resnlting 
from  the  decomposition  and  disintegration  of  the  rocks  in  the  l^otomac 
basin. 

From  a  study  of  the  relation  of  the  Columbia  formation  to  bowlder- 
bearing  strata  and  to  the  great  terminal  moraine  which  stret<'Jies 
across  the  country  from  Cape  Cod  in  Massachusetts  to  Dakota,  Mr. 
McGee  concludes  that  the  clays  of  the  Potomac  river  near  Washington 
were  deposited  during  the  first  and  second  glacial  periods,  in  tlie  early 
part  of  the  Pleistocene. 

No.  9.  BowLDEii  Clay. 

(From  Rochester,  New  York.     nES(?RiBEi>  by  G.  K.  Gilbert.) 

Certain  clays  produced  by  glaciers  contain  pebbles  and  bowlders, 
and  are  therefore  called  bowlder  claya.  In  the  description  of  specimen 
No.  2  some  account  is  given  of  glaciers  and  ice  sheets,  and  mention  is 
ma<le  of  the  ice  sheet  which  in  Pleistocene  time  covered  a  large  portion 
of  northeastern  North  America.  As  the  stones  held  in  an  ice  sheet 
rnb  one  on  another  and  are  gradually  reduced  in  size,  the  particles 
ground  off  remain  embedded  in  the  ice.  Where  the  stones  rnb  against 
the  bed  rock,  not  only  are  they  ground  away,  but  the  bed  rock  itself  is 
worn,  and  the  product  of  all  this  abrasion  is  received  by  the  i(*e  and 
carried  forward.  Where  the  ice  melts,  its  load  e^omes  to  rest,  forming  a 
deposit,  and  in  this  deposit  the  coarser  and  finer  fragments  nuiy  be 
indiscriminately  mixed.  Such  a  mixed  deposit  is  called  till.  Some- 
times its  finer  part  is  sand,  but  usually  there  is  enough  clay  to  make  it 
coherent,  and  the  name  bowlder-clay  is  then  commonly  used.  Bowlder- 
clays  are  heterogeneous  not  only  in  mechanical  structure  but  in  compo- 
sition. The  ice  in  its  journey  abrades  many  rocks,  and  the  particles 
ground  from  all  these  are  mingled  together  in  the  resulting  till.  The 
ratio  in  which  the  different  rocks  traversed  are  represented  in  the  till 
depends  partly  on  the  extent  of  their  outcrops  and  partly  on  the  readi- 
ness with  which  they  are  ground  away;  and  it  is  also  found  that  the 
nearest  rocks  are  relatively  better  represented  than  the  more  remote. 
In  the  northern  States  the  motion  of  the  ice  sheet  was  southward,  and 
the  till  at  each  locality  is  largely  composed  of  pebbles  and  rock  Hour 
from  the  formation  lying  immediatel}'  north  of  it.     Specimen  No.  9  is 
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from  a  till  deposit  anderlain  by  the  Niagara  limestone,  bat  a  short  dis- 
tance to  the  north  begins  a  broad  outcrop  of  Medina  shale,  and  this 
formation  furnished  the  chief  material  of  the  clay,  giving  its  reddish 
color. 

The  specimen  appears,  on  first  examination,  to  contain  a  few  fine 
pebbles  and  very  little  sand ;  but  when  the  coarser  portion  is  separated 
from  the  finer  by  successive  washings,  sand  is  found  to  form  a  consid- 
erable proportion  of  the  whole  mass.  The  sand  is  chiefly  quartz,  with  a 
small  amount  of  feldspar  and  green  hornblende  and  much  oxide  of  iron. 
Some  of  the  larger  grains  are  angular,  but  the  smaller  ones  are  often 
rouuded.  The  very  fine  material  is  not  a  normal  clay,  such  as  results 
from  the  decomposition  of  aluminous  silicates,  but  is  a  rock  fiour,  due 
to  the  trituration  of  a  variety  of  materials,  including  various  unaltered 
as  well  as  decomposed  silicates  and  the  carbonates  of  lime  and  mag- 
nesia. The  sand  graius  were  probably  derived  chiefly  from  the  sand- 
stone of  the  Medina  formation,  and  had  been  rounded  before  they  were 
received  by  the  ice. 

Further  information  will  be  found  in  the  descriptions  of  specimens 
Nos.  2  and  165.  The  reader  is  also  referred  to  The  Terminal  Moraine  of 
the  Second  Glacial  Epoch,  by  T.  0.  Chamberlin,  in  the  Third  Annual 
Report  of  the  United  States  Geological  Survey;  and  to  The  Surface 
Geology  of  New  Jersey,  by  R.  D.  Salisbury,  in  the  Annual  Report  of 
the  State  Geologist  of  New  Jersey  for  1891. 

No.  10.  Conglomerate. 

(From  Utica,  Oneida  Countv,  Nkw  York.    Described  by  J.  S.  Diller.  ) 

When  gravel  is  cemented  so  that  the  pebbles  and  sand  of  which  it  is 
composed  are  bound  together,  the  rock  formed  is  conglomerate.  It  dif- 
fers from  gravel  only  in  containing  a  cementing  substance  which  con- 
verts the  loose  material  into  a  solid  mass. 

In  specimen  No.  10  the  pebbles  are  quartz.  They  are  small  and 
generally  well  rounded.  Some,  indeed,  are  subangular,  but  most  of 
them  have  the  corners  completely  reduced.  The  sand,  and  also  the 
cement  which  holds  the  fragments  together,  are  chiefly  quartz. 
Although  there  are  a  few  brass-yellowish  grains  of  pyrite,  and  some 
black  ones  of  other  minerals,  almost  the  whole  mass  of  the  rock  is 
silica.  It  is  a  deposit  in  which  quartz  is  so  abundant  as  to  indicate 
that  at  the  time  the  conglomerate  was  formed  the  conditions  were 
especially  favorable  for  the  accumulation  of  quartz. 

The  bed  of  conglomerate  from  which  specimen  No.  10  was  taken  is 
well  exposed  in  Oneida  County,  New  York,  and  on  this  account  is  called 
Oneida  conglomerate.  It  is  associated  with  a  thick  sandstone — the 
Medina — which  varies  in  color  from  red  to  white,  and  which  may  be 
traced  almost  continuously  from  western  New  York  eastward  to  near 
the  Iludson,  where  its  upturned  edge  swings  to  the  southwest,  stretching 
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away  tbroagh  New  Jersey,  PenDsylyania,  Maryland,  Yirginia,  and  Ten- 
nessee into  Alabama.  From  this  long  line  the  outcrops  of  the  Medina 
sandstone  and  conglomerate  extend  westward  to  the  Mississippi  Valley, 
but  in  that  direction  the  material  gradually  becomes  finer. 

The  shells  found  in  the  sandstone,  as  illustrated  in  specimen  No.  19, 
show  that  it  was  deposited  in  the  ocean.  The  reduction  in  the  size  of 
the  particles  of  the  sediment  toward  the  Mississippi  Valley,  in  accord- 
ance with  the  general  relations  of  littoral  deposits  illustrated  in  fig.  7 
(p.  57),  indicates  that  the  shore  of  the  ocean  lay  to  the  eastward,  in  the 
Appalachian  region,  and  that  at  that  time  the  sea  occupied  the  Missis- 
sippi Valley. 

Most  conglomerates  contain  a  considerable  proportion  of  quartz  peb- 
bles, or  pebbles  of  siliceous  rock,  but  besides  these  they  usually  contain 
pebbles  of  many  other  kinds.  The  most  abundant  pebbles  are  those  of 
the  most  durable  rocks,  such  as  vein  quartz,  quartzite,  graywacke, 
granite,  and  various  kinds  of  volcanic  and  plutonic  rocks,  especially 
those  which  contain  a  high  percentage  of  silica.  When  pebbles  of  any 
one  kind  predominate,  special  names,  such  as  quartz  conglomerate^  lime' 
stone  conglomerate,  and  volcanic  conglomerate,  may  be  given  to  the  rock, 
according  to  the  prevailing  constituent. 

Conglomerates  may  be  coarse  or  tine,  according  to  the  size  of  the 
pebbles  of  which  they  are  composed.  Fragments  larger  than  pebbles 
are  often  called  bowlders,  and  conglomerates  containing  them  have 
been  designated  bowlder  conglomerates.  Tiie  size  of  the  fragments  and 
their  surface  features  are  indexes  to  the  character  and  strength  of  the 
transporting  power  by  which  they  were  deposited. 

As  indicated  in  the  descriptions  of  specimens  Nos.  1  and  2,  gravel 
originates  wholly  in  the  process  of  erosion,  either  by  glaciers  or  streams 
of  water  on  the  land,  or  by  waves  of  the  sea  beating  on  the  coast.  On 
stormy  coasts,  where  much  gravel  is  produced  and  the  undertow  is 
strong  enough  to  carry  it  seaward,  it  is  spread  over  the  bottom  near 
shore  to  form  a  bed  of  conglomerate,  as  illustrated  in  fig.  7.  Being 
beneath  the  sea,  the  deposit  is  below  the  level  of  erosion  and  is  pre- 
served so  long  as  it  remains  in  that  position.  On  the  land,  however, 
the  conditions  are  different.  The  gravel  deposits  of  glaciers  and  water- 
courses are  ever  exposed  to  erosion.  By  shifting  Hoods  they  are  gradu- 
ally washed  down  to  lower  levels  toward  the  sea,  and  finally  the  material 
is  carried  into  the  sea,  where  it  finds  a  resting  place.  For  this  reason 
gravel  deposits  of  the  land  are  ephemeral.  In  the  process  of  erosion 
they  are  carried  into  the  sea,  where,  like  those  formed  by  the  waves, 
they  are  added  to  the  more  permanent  deposits  which  contribute  to  the 
upbuilding  of  new  formations.  The  coarsest  material  is  deposited 
nearest  shore  and  marks  approximately  the  direction  of  the  shore  line, 
so  that  by  tracing  out  the  coarse  conglomerate  among  the  ancient  sedi- 
mentary rocks  we  can  to  a  considerable  extent  make  out  the  geography 
of  the  land  and  sea.    Tl|e  distribution  of  the  sandstone  and  ilqw^V^x^m^l^Xj^ 
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of  which  specimen  No.  10  is  a  sample  shows  clearly  that  the  shore  liue 
of  the  Medina  epoch  was  in  the  Appalachian  region  and  that  the  land 
furnishing  the  sediment  lay  to  the  eastward. 

The  cement  which  binds  the  loose  material  together  and  converts 
gravel  into  conglomerate  varies  from  place  to  place,  and  sometimes  holds 
a  more  or  less  definite  relation  to  the  composition  of  the  rock.  In  con- 
glomerates where  the  sand  and  pebbles  are  chiefly  quartz  the  cement 
is  often  siliceous;  in  those  containing  fragments  rich  in  iron  it  is 
generally  ferruginous.  Silica  and  oxide  of  iron  are  the  most  common 
cementing  substances,  but  carbonate  of  lime  also  occurs  in  some 
regions.  These  three  cements  are  illustrated  in  sandstones  by  speci- 
mens Nos.  12,  14,  and  15.  In  some  cases  there  is  no  visible  cement,  the 
pebbles  and  matrix  being  so  closely  pressed  together  that  they  adhere. 

No.  11.  Breccia. 

(From  Virginia,  opposite  Point  of  Rocks,  Maryland.    Described  by 

J.   S.   DiLLER.) 

Breccia  differs  from  conglomerate  in  the  shape  of  the  fragments  of 
which  it  is  composed.  In  conglomerate  most  of  the  pebbles  are  rounded, 
but  in  breccia  the  fragments  are  angular.  Intermediate  stages  between 
the  two  rocks  have  been  called  brecclated  conglomerate. 

Breccias  are  much  less  common  than  conglomerates,  and  are  pro- 
duced in  various  ways.  Those  of  sedimentary  origin  are  of  little 
importance  and  grade  into  conglomerate.  Specimen  No.  11  is  of  this 
type.  It  was  selected  on  account  of  its  distinctly  fragmental  structure, 
its  availability,  and  its  architectural  application.  Although  many  of 
the  fragments  are  angular,  others  are  well  rounded;  in  fact,  at  most 
places  where  this  rock  crops  out  the  round  pebbles  predominate,  so 
that  generally  the  rock  is  a  conglomerate.  The  fragments  are  nearly 
all  limestone,  and  at  the  time  the  breccia  originated  the  iraginents 
were  transported  only  a  short  distance  from  their  source.  This  fact  is 
readily  determined  by  studying  the  rock  in  the  field,  where  it  occurs 
near  the  limestone  from  which  the  fragments  were  derived. 

The  color  of  the  limestone  fragments  in  specimen  No.  11  varies  accord- 
ing to  that  of  the  parent  rock,  but  the  interstitial  material  of  sand,  car- 
bonate of  lime,  and  oxide  of  iron  in  which  the  pebbles  are  embedded  is 
uniformly  red,  like  much  of  the  Triassic  sandstone  belonging  to  the 
same  formation. 

As  in  conglomerate,  there  are  three  substances  which  act  a«  cement 
in  the  breccia — carbonate  of  lime,  oxide  of  iron,  and  silica — and  all  are 
of  nearly  equal  importance.  If  a  piece  of  the  red  material  between  the 
pebbles  is  placed  in  hot  hydrochloric  acid  until  the  carbonate  of  lime 
and  oxide  of  iron  are  dissolved  away,  the  fragment  usually  retains  its 
form,  owing  to  the  siliceous  cement  present. 

The  rock  of  which  specimen  No.  11  is  a  sample  has  been  used  for  orna- 
lental  building  parpo&es.    A  series  of  large  columns  of  this  material 
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adom  the  old  Hall  of  Repreaeiitativefi,  now  called  Statuary  Hall,  in 
tbe  Capitol  at  Washiugton.  But  it  i^  so  difticult  to  dres8  and  iwUsb 
evenly  that  it  is  not  oxteusively  used  tin-  sueli  purixises. 

For  fnrther  information  concerning  tliis  rock,  reference  should  be 
made  to  n  paper  by  Artliur  Keith  on  The  Geology  of  tbe  Catoctiu  Belt, 
iu  the  Fonrteentb  Annual  Keport  of  tbe  United   Stat«s  tieologival 


Fio.  9 Brecciatad  J>e< 
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Survey,  Part  II,  page  .14(5,  and  to  Stones  for  liuilding  and  1  )ecoriit ion, 
by  G.  P.  Merrill,  page  93. 

BesidcH  tbe  breccias  of  sedimentary  origin,  illustiated  by  specimen 
No  11,  there  are  tabu  breccias,  fault  or  fricthm  breociax,  and  cokaiik  or 
eruptire  breccias.  Under  tbe  influence  of  tbe  weatber,  on  steep  slopes 
rocks  break  up  into  angular  fiafimenta,  and  benetitb  clifts  such  frag- 
ments generally  accumulate  and  foim  a  talus,  wliitU  u\  ««v\vvi  \,Vj.v*Ki(, 
becomes  ccmeutMi  so  as  t*)  I'orni  t  alun  brovcVa.    \u  \i\«awa.A  wS.  ■\\\\4  '»*stf 
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none  of  the  fragments  are  rounded.  They  occur  perhaps  most  fre- 
quently in  regions  of  extensive  limestones,  especially  such  as  are 
cavernous,  limestones  furnishing  both  the  fragments  and  the  cement. 

Along  lines  of  fracture,  where  rocks  have  been  faulted  and  crushed, 
the  angular  fragments  thus  formed  may  be  cemented  by  substances  lield 
in  solution  by  water  circulating  in  the  fissures,  and  thus  form  breccia. 
Such  breccia  is  called  fault  breccia  or  friction  breccia.  Breccias  of  a 
smilar  sort,  whose  origin  is  in  some  cases  at  least  not  yet  clearly  under- 
stood, are  illustrated  by  fig.  9,  which  represents  a  limestone  breccia 
described  by  W  J  McGee  in  the  Eleventh  Annual  Report  of  the 
United  States  Geological  Survey,  Part  I,  pages  319-321. 

Fragments  ejected  from  volcanoes  are  often  angular,  and  a  consoli- 
dated accumulation  of  them  forms  volcanic  breccia.  Acid  lavas  are 
usually  viscous,  and  during  their  eruption  are  sometimes  so  crushed 
and  broken  as  to  become  a  mass  of  angular  fragments.  When  cemented 
together  by  material  of  the  same  kind  as  the  fragments,  as  is  often  the 
case,  such  lavas  are  breccias,  and  to  distinguish  them  from  others  are 
called  lava  breccias  or  brecciated  lavas.  Lava  flowing  over  angular  frag 
ments  on  the  surface  may  pick  them  up,  and  the  mass  may  thus  become 
brecciated. 

In  the  various  kinds  of  breccias  there  may  be  a  wide  range  not  only 
in  the  size  of  the  fragments  but  also  in  their  chemical  composition. 
Usually,  however,  there  is  less  variety  in  composition  than  among  the 
pebbles  of  a  conglomerate,  but  a  greater  range  in  size. 

No.  12.  Pebbly  sandstone. 

(From  Barron,  near  Asiiulnd,  Jackson  County,  Orecm)n.    Described  by  .T.  S. 

DlLI^R.) 

Oonglomerates  are  composed  of  pebbles,  and  sandstones  are  comi)osed 
of  sand.  They  are  often  found  intermingled  as  alternating  layers  of  the 
same  mass  and  pass  into  each  other  gradually  or  abruptly,  recording  the 
gradual  or  sudden  change  in  the  currents  by  which  the  material  was 
deposited.  Between  conglomerates  and  sandstone  there  are  many 
intermediate  grades.    These  may  be  represented  by  specimen  Ko.  12. 

Pebbly  sandstone  is  composed  chiefly  of  sand,  but  contains  so  large 
a  proportion  of  conspicuous  pebbles  that  these  deserve  mention  in  the 
name.  This  specimen  was  collected  from  a  pebbly  bed  in  a  mass  of 
Cretaceous  sandstone  resting  unconformably  on  the  older  rocks  of  the 
Klamath  Mountains,  from  which  the  material  to  make  the  sandstone 
was  derived.  The  dark-colored  pebbles  are  chiefly  slates,  while  the 
lighter-colored  oues  are  from  masses  of  serpentine  and  other  eruptive 
rocks.  The  fragments  are  all  metamorphic  rocks,  aud  some  are  full  of 
small  veins. 

Gray  sand,  which  constitutes  the  greater  portion  of  the  rock,  is  com- 
posed chiefly  of  quartz  and  feldspar,  with  some  mica  and  other  minerals 
len'ved  from  the  dioritiea^  granites,  and  similar  eruptive  rocks,  as  well 
i5*azB  tlie  slates  with  which  they  are  associated  Vu  Wi^  TSA^m^tli 
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Monntains.  Some  of  the  small,  dark  grains  of  sand  are,  like  the  i>eb- 
blee,  intersected  by  microscopic  veins.  Although  the  pebbles  are  well 
rounded,  the  grains  of  quartz  and  feldspar  are  angular.  This  feature 
is  well  illustrated  in  PI.  IX,  A.  Some  of  the  grains  are  of  plagioclase 
feldspar,  but  their  banding  can  not  be  seen  in  ordinary  light.  The 
other  grains  are  of  quartz,  with  sharp,  angular  outlines,  strongly 
contrasting  with  the  rounded  forms  of  the  pebbles  with  which  they  are 
associated.  This  association  shows  clearly  that  the  pebbles  are  rounded 
more  easily  than  the  grains  of  sand,  and  the  reason  for  this  is  to  be 
found  in  the  fact  that  the  grains  of  sand,  being  so  light  in  the  buoyant 
water,  strike  such  tiny  blows  when  they  collide  with  one  another 
during  transi)ortation  that  but  little  effect  is  produced.  On  the  other 
hand,  the  pebbles,  on  account  of  their  greater  weight,  strike  much 
more  effective  blows  and  soon  get  their  corners  knocked  off. 

A  drop  of  acid  on  specimen  No.  12  causes  brisk  effervescence,  show- 
ing the  presence  of  carbonate  of  lime  as  a  cementing  substance  between 
the  grains  of  sand  and  pebbles. 

At  the  time  the  pebbly  sandstone  was  formed  the  Klamath  Mountains 
were  an  island  in  the  Cretaceous  seas  and  received  the  beat  of  the 
waves,  which,  to  a  large  extent  at  least,  produced  the  fragments  and 
deposited  them  to  make  the  pebbly  sandstone.  Although  all  the 
fragments  in  the  pebbly  sandstone  are  of  metamorphic  rocks,  the 
pebbly  sandstone  itself  is  entirely  unaltered.  So  it  is  evident  that  the 
rocks  of  the  Klamath  Mountains  were  metamorphosed  before  the 
Cretaceous  sandstone  was  deposited. 

No.  13.  Gray  Sandstone. 

(From  Brrka,  Cuyahoga  County,  Ohio.    Described  by  J.  S.  Dillkr.) 

Sandstone  is  consolidated  sand.  As  loug  as  the  material  is  loose  and 
incoherent  it  is  sand,  but  whenever  by  any  process  the  particles  are 
made  to  cohere  so  as  to  form  a  solid  rock,  they  become  sandstone.  All 
sandstones  were  originally  sand  and  show  similar  variations  in  com- 
X>08ition  and  texture.  The  range  of  variation,  however,  is  greater 
than  in  sands,  on  account  of  the  differences  in  the  composition,  color, 
and  other  properties  of  the  cement. 

The  grains  of  some  i)orous  sandstones  are  angular  and  so  loosely 
cemented  that  when  broken  the  surface  of  the  rock  is  rough  and  gritty 
to  the  feel.  Such  sandstones  are  commonly  called  griU^  and  of  these 
specimen  No.  13  is  a  good  example.  It  is  well  exposed  at  Berea,  Ohio, 
where  it  is  extensively  quarried  for  building  stones  and  for  grindstones 
and  is  generally  known  as  the  Berea  grit. 

The  Berea  grit  is  a  fine-grained,  homogeneous  sandstone,  composed 
almost  wholly  of  quartz  and  orthoclase  feldspar.  The  latter  is  greatly 
altered  and  in  most  cases  completely  changed  to  kaolin,  which  is  readily 
distinguished  by  its  whiteness.  With  the  gray  quartz,  it  gives  color  to 
therock.  Some  grains  of  kaolin  contain  freslicot^s.oiLfeX^'ftV^^i^'^^^'^^'^'^ 
comparatively  fresh  grains  of  microcliue  and  v\«Lgvw!\\ai»fe  \xi^l  ^^^  'ewesi' 
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Masco vite  and  pyrite  are  rather  rare.  The  cementiDg  Bubstance  is 
argillaceous  and  is  impregnated  by  oxide  of  iron,  but  there  is  not  a 
sufficient  quantity  present  to  modify  the  color  of  the  rock.  The  cement 
is  weak  and  does  not  fill  all  the  interstices  between  the  grains  of  sand. 
On  this  account  the  rock  is  soft  and  porous,  so  that  it  can  be  easily 
carved  and  readily  absorbs  a  large  amount  of  water. 

Kaolin  occurs  in  distinct  grains  of  essentially  the  same  shape  as  the 
quartz,  although  somewhat  more  rounded.  These  grains,  as  well  as 
the  thick  coating  of  soft  kaolin  which  envelops  some  of  the  rounded 
grains  of  feldspar,  had  not  yet  been  formed  at  the  time  the  sandstone 
was  deposited,  else  it  would  have  been  removed  by  the  attrition  the 
grains  have  experienced  during  their  transportation. 

The  original  freshness  of  the  material  and  the  presence  of  such  a 
considerable  portion  of  feldspar  suggest  that  the  surface  of  the  land 
at  the  time  the  sandstone  was  formed  must  have  been  one  of  consid- 
erable relief.  It  is  only  when  streams  have  considerable  fall  that 
the  currents  are  swift  and  strong  enough  to  carry  grains  of  sand  and 
pebbles.  In  a  rapid  stream  pebbles  and  bowlders  are  rolled  along  on 
its  bed.  They  frequently  knock  together,  break  to  pieces,  and  by 
long-continued  attrition  <are  reduced  to  sand  and  finer  sediment,  but 
the  sand  formed  in  such  cases  is  composed  of  fresh  minerals.  The 
feldspar,  at  least  when  the  sand  originates,  is  chiefly  unaltered,  but 
on  subsequent  exposure  to  weathering  it  may  readily  become  changed 
to  kaolin,  as  in  the  Berea  grit.  Had  the  land  been  one  of  gentle  relief, 
worn  down  to  almost  a  plain  (peneplain),  the  streams  would  have  been 
sluggish  and  able  to  remove  only  the  material  resulting  from  the 
decomposition  and  disintegration  of  the  rocks.  The  flue  particles  of 
kaolin  derived  from  the  alteration  of  the  feldspar  are  readily  separated 
from  the  quartz  during  transportation,  leaving  the  sand  composed 
almost  exclusively  of  quaftz.  Thus  it  appears  that  the  original  pres- 
ence of  a  considerable  proportion  of  unaltered  feldspar  indicates  that 
the  land  from  which  it  was  derived  at  the  time  the  Berea  grit  was 
formed  was  one  of  considerable  relief.  Chemical  analysis  of  the  rock, 
according  to  Mr.  G.  P.  Merrill,^  shows  that  the  rock  contains  about 
95  per  cent  of  silica,  with  a  small  amount  of  lime,  magnesia,  oxide 
of  iron,  alumina,  and  alkalies.  When  freshly  quarried  it  contains 
from  5.83  to  7.75  per  cent  of  water,  but  when  dry  only  3.39  to  4.28  per 
cent. 

The  Berea  grit  has  a  wide  distribution  in  Ohio,  having  an  extent  of 
about  15,000  square  miles  above  and  below  ground.  This  wide  extent 
is  remarkable  considering  its  thickness,  as  it  seldom  reaches  50  feet. 
In  the  northern  part  of  the  State  it  is  medium  grained  and  contains 
some  pebbles,  but  in  the  middle  and  southern  portion  of  the  State  it 
is  fine  grained.  Its  surface  is  often  ripple-marked,  and  worm  burrows 
abound  as  on  the  sands  of  modern  beaches,  indicating  that  the  Berea 
£Tit  ir;Ks  formed  along  an  ancient  shore  line. 


'Stouea  for  Building  and  Dccoraliuu,  p. 71, 
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On  account  of  its  agreeable  color,  its  durability,  and  the  ease  with 
which  it  is  worked,  it  is  a  valuable  building  stone.  Its  grit  makes  it 
valuable  for  grindstones,  and  its  porosity  makes  it  a  reservoir  for 
X)etrolenm  and  gas.  According  to  Prof.  Edward  Orton,^  it  is  "the  most 
important  single  stratum  in  the  entire  geological  column  of  Ohio.  Its 
economic  value  above  ground  is  great,  but  it  is  greater  below.  In  its 
outcrops  it  is  a  source  of  the  finest  building  stone  and  the  best  grind- 
stone grit  of  the  country,  and  when  it  dips  beneath  the  surface  it 
becomes  the  repository  of  valuable  supplies  of  petroleum,  gas,  and 
salt  water.-' 

No.  14.  Brown  Sandstone. 

(From  Hummklstown,  Dauphin  County,  Pennsylvania.    DBsciiinEi)  hy 

J.  S.  DiLLBR.) 

The  sandstone  of  Hummelstown,  Pennsylvania,  is  a  typical  sandstone 
with  ferruginous  cement.  In  color  it  is  usually  purplish  brown  with 
minute  white  specks.  The  uniformity  in  the  size  of  its  rather  small  grains 
gives  the  rock  an  even  texture.  Its  feel  is  decidedly  gritty,  owing  to 
the  angular  form  of  the  grains.  It  is  composed  chiefly  of  angular  grains 
of  quartz  with  some  clear,  fresh  microcline  and  plagioclase,  showing  dis- 
tinct twinning.  Occasionally  fragments  of  a  mineral  with  very  strong 
absorption  perpendicular  to  the  prismatic  axis,  and  parallel  extinction 
like  that  of  tourmaline,  may  be  found.  The  kaolin  present  is  sonvetimes 
in  distinct  grains  of  about  the  same  size  as  those  of  <[uartz.  It  was 
deposited  chiefly  as  finer  silt  between  the  grains  of  sand,  and  is  much 
less  abundant  than  the  quartz.  The  largest  grain  shown  in  the  lower 
left-hand  quarter  of  PI  IX,  Bj  is  kaolin.  The  others  are  nearly  all 
quartz.  The  brownish  cement  which  is  the  chief  interstitial  substance 
and  coats  many  of  the  grains  of  quartz  is  ferric  oxide.  On  account  of 
its  abundance  it  gives  color  to  the  whole  mass.  As  its  color  varies 
through  shades  and  tints  of  brown  and  red,  so  also  the  rock  varies  in 
color. 

The  following  analysis,  by  B.  A.  Schneider,  shows  the  chemical  com- 
position of  the  rock: 

Analysis  of  hrown  sandstone  from  HummeUto%cnj  rninsylrania. 


SiO, 

AljOs 

FcjOj 

FeO 

CaO 

MgO 

K^ 

X«.0 

HtOdOJO) 

n,0  (igDition) 

Total -..- 


Per  cent. 

88.13 

5.81 

1.77 

.31 

.20 

.53 

2.63 

.06 

.23 

.26 


■\ 


90.93 
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^GeohgicMl  Surrey  of  Ohio,  Eoonomic  Geology,  voV^,  ^.7R. 
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At  the  quarry  from  which  specimen  No.  14  was  obtained  the  rock  near 
the  surface  is  reddish  brown,  and  the  greater  body  of  the  rock  deeper 
in  the  earth  is  parplish  brown.  The  bedded  arrangement  of  the  rock 
is  a  prominent  feature  of  the  quarries.  The  even  layers  are  usually  less 
than  10  feet  in  thickness  and  are  cut  by  joints,  which  greatly  facilitate 
quarrying. 

The  formation  represented  by  the  brownstone  of  Hummelstown, 
Pennsylvania,  has  a  wide  and  irreguJar  distribution  along  a  belt 
stretching  from  New  England  to  South  Carolina.  Throughout  the 
whole  belt,  although  it  varies  in  texture  considerably,  ranging  all  tlie 
way  from  a  coarse  conglomerate  and  angular  breccia  to  shale,  it  is 
everywhere  deeply  colored  by  oxide  of  iron  and  frequently  associated 
with  compact,  dark,  heavy,  igneous  rock,  such  as  the  basalt  of  Orange, 
New  Jersey,  illustrated  by  specimen  No.  102.  Specimen  No.  11  is 
breccia  from  the  border  of  the  same  formation  near  the  Potomac. 

Much  has  been  written  on  this  formation.  Its  bibliography  is  given 
by  Prof.  I.  C.  Russell,*  who  illustrates  its  distribution  by  maps  and 
fully  describes  its  character  and  the  hypotheses  concerning  its  history. 
He  calls  it  the  Newark  system.  Fossil  plants  and  fishes,  and  also  the 
footprints  and  bones  of  huge  reptiles  and  batrachians,  have  been  found 
at  a  number  of  places,  and  their  evidence  fixes  the  age  of  the  Newark 
as  Juratrias.  Whether  it  was  deposited  in  a  series  of  local  basins, 
corresponding  to  the  present  disconnected  distribution  of  the  rocks,  or 
as  a  broad  terrane  in  one  irregular  and  continuous  arm  of  the  sea 
stretching  from  New  England  to  South  Carolina,  is  as  yet  a  matter  of 
discussion. 

The  uniformly  red  and  brown  color  of  the  formation  throughout  its 
whole  extent  indicates  uniform  conditions  over  the  whole  area.  As 
shown  by  Mr.  Russell,^  it  suggests  a  mild,  moist  climate.  Gneiss, 
schists,  and  similar  rocks  containing  much  pyroxene,  hornblende,  and 
mica  or  other  ferromagnesian  silicates  are  not  usually  red  when  unde- 
composed.  Under  the  influence  of  the  weather,  however,  these  iron- 
bearing  minerals  may  be  altered  and  much  ferric  oxide  developed,  coat- 
ing the  grains  of  quartz  and  other  unchanged  minerals  red  or  brown. 
If  these  products  of  subaerial  decay  are  washed  away  and  deposited  to 
form  sandstones  and  shales  without  wearing  off  the  ferric  oxide  coating 
the  grains,  the  new  rock  will  be  red  or  brown;  and  thus,  it  is  thought, 
the  red  color  of  the  Newark  system  may  be  explained. 

The  great  length  of  the  formation,  taken  in  connection  with  its  small 
breadth  and  great  thickness,  and  its  intimate  association  with  basaltic 
igneous  rocks  having  the  same  lineal  arrangement  and  being,  at  least 
in  part,  of  contemporaneous  origin,  are  among  its  most  important 
features.  The  rock  is  extensively  used  as  a  building  stone  in  cities  of 
the  Atlantic  States,  and  at  several  points  coal  beds  of  imi)ortancehave 
been  discovered. 


I  Bull.  r.  S.  Geol.  Survey  No.  85, 1892. 
*  Ball.  U.  8.  Geol  Survey  No.  52, 188tt,  p.  5e. 
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No.  16.  Potsdam  Sandstone. 

^Fkom  Ablbmans,  Sauk  County,  Wisconsin.     Described  by  J.  S.  Dillkr.) 

The  Potsdam  saDdstone  is  so  named  from  its  occarreoce  at  Potsdam; 
in  uortbem  New  York.  It  has  been  traced  through  a  wide  stretch  of 
country  southwest  and  west  of  New  York;  and  at  many  points,  as  in 
Wisconsin,  where  it  has  been  positively  identified,  the  same  name  is 
applied. 

It  is  a  typical  quartz  sandstone  in  which  the  sand  is  largely  siliceous. 
It  is  light,  almost  colorless,  on  account  of  the  transparency  of  the  quartz 
of  which  it  is  composed,  although  there  is  here  and  there  a  suggestion 
of  pale  rusty  yellow,  due  to  the  trace  of  ferric  oxide  present  in  the 
cement. 

Its  structure  is  decidedly  granular  and  somewhat  porous.  The  inter- 
stices between  the  grains  are  in  many  cases  not  completely  filled.  The 
feel  of  specimen  No.  15  is  less  gritty  than  that  of  specimen  No.  14,  and 
ilthe  surfaces  of  the  two  specimens  be  examined  with  a  lens  it  will  be 
observed  that  when  specimen  No.  16  is  fractured  many  of  the  grains 
break,  but  in  specimen  No.  14  the  cement  breaks  and  the  grains  pull 
apart,  leaving  the  surface  with  more  angular  projections. 

The  grains  are  nearly  all  quartz,  colorless  and  transparent,  excepting 
the  faint  gray  clouding  due  to  the  occasional  presence  of  the  large  num- 
ber of  liquid  inclusions.  The  dark  material  forming  part  of  the  cement 
between  the  grains  in  Fig.  A,  PI.  X,  is  ferric  oxide.  The  outlines  of 
the  original  well-rounded  grains  are  generally  indicated  by  a  clouded 
l)order  which  marks  off  the  siliceous  cement  between  them.  In  Fig. 
By  PI.  X,  it  may  be  seen  that  the  cement  is  sometimes  oriented,  so  as  to 
be  optically  continuous  with  the  adjoining  grain  and  extinguished  at 
the  same  time.  In  the  lower  right-hand  portion  of  Fig.  B,  PI.  X,  is  a 
banded  grain  of  feldspar.  At  the  upper  left  hand  of  the  feldspar,  as 
seen  in  Fig.  A,  PI.  X,  is  an  elongated  triangular  grain  of  ferric  oxide, 
and  at  its  right  a  well-defined  area  of  interstitial  quartz  which  belongs  to 
the  adjoining  grain.  The  fragment  of  quartz  crystal  represented  by  the 
grain  grew  by  additions  to  the  outside  until  the  intervening  space  was 
completely  occupied.  In  some  places  complete  crystal  faces  have  been 
developed.  The  growth  of  quartz  grains  and  of  other  minerals  in  this 
manner,  and  the  consequent  induration  of  the  rocks  containing  them, 
is  a  metamorphic  process.  It  has  been  illustrated  and  discussed  by  a 
number  of  authors,  especially  by  Irving  and  Van  Hise.^ 

This  rock  is  much  used  for  building  purposes,  and  on  account  of  its 
siliceous  cement  is  especially  durable.  In  some  localities,  however, 
where  the  formation  crops  out,  the  cement  is  not  siliceous,  or  the  rock 
may  contain  small  accumulations  of  clay.  Both  of  these  features,  wher- 
ever they  occur,  lessen  the  value  of  the  stone  for  building  purposes. 

The  sand  of  which  the  Potsdam  sandstone  was  formed  is  much  more 

»Bnll.  U.  S.  Oeol.  Burvej  Xo.  8,  and  Am.  Jour.  Scl.,  Vol.  XXX,  v^^V  wvW  o\.^&XX:LVL,^.13I&, 
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distinctly  roauded  than  most  of  the  beach  sand  along  the  Atlantic  coast 
from  !N^ew  England  to  Florida.  It  has  been  so  much  worn  that  the  feld- 
spar and  other  minerals  softer  than  the  quartz  have  been  almost  com- 
pletely ground  to  silt  and  removed.  It  suggests,  also,  that  the  material 
from  which  the  sand  was  derived  •may  have  been  in  a  greatly  decom- 
posed and  disintegrated  condition,  and  the  landscape  one  in  which 
gentle  slopes  prevailed;  for  under  such  circumstances  the  altered  min- 
erals are  unusually  soft,  so  that  they  are  easily  ground  fine  during  trans- 
X)ortation,  and  separated  from  the  quartz. 

The  following  chemical  analysis,  by  E.  A.  Schneider,  shows  the 
highly  siliceous  character  of  this  sandstone: 

Analysis  of  Potsdam  sandstone  from  AblemanSy  Wisconsin. 


SiO.. 

AUO3 

H3O  (ignition) 

Total... 


Percent. 

99.42 

.31 

.18 

99.91 

No.  16.  Banded  Sandstone. 

(From  Pkoa,  Summit  County,  Utah.    Described  by  .1.  S.  Dillek.) 

This  sandstone  is  arranged  in  distinct  layers,  beds,  or  bands,  which 
in  the  field,  where  large  exposures  may  be  seen,  are  clearly  expressed, 
chiefly  in  differences  of  color.  The  banding  may  be  seen  in  the  hand 
specimen,  but  is  not  conspicuous.  It  is  parellel  to  the  stratification, 
and  was  determined  when  the  material  was  dei)osited,  although  the 
peculiarities  of*  color  may  not  all  have  been  developed  at  that  time. 

The  sand  of  which  this  stone  is  composed  is  almost  wholly  quartz. 
Here  and  there  are  traces  of  unaltered  feldspar.  Grains  of  kaolin  are 
more  abundant  than  those  of  fresh  feldspar,  and  they  may  in  some 
cases  be  seen  as  minute  white  specks  in  the  hand  specimen. 

Under  the  microscope  the  granular  structure  is  much  more  distinct. 
The  grains  of  quartz  are  well  rounded.  Both  silica  and  ferric  oxide 
appear  in  the  cement.  The  former  is  i)erhaps  the  more  abundant,  and 
is  in  places  optically  continuous  with  the  adjoining  grain,  showing  that 
the  crystal lographic  force  in  the  grain  controlled  its  deposition,  and 
the  matter  was  so  arranged  as  to  form  a  growth  in  the  crystal  like  that 
in  the  Potsdam  and  many  other  sandstones.  The  ferric  oxide  is  suffi- 
ciently abundant  to  give  a  decidedly  reddish  color  to  the  rock,  and  its 
arrangement  has  given  rise  to  the  banding  of  the  rock.  Some  bands 
contain  much  oxide  of  iron  and  others  but  little.  The  grains  of  sand 
in  the  various  bands  do  not  difi'er  among  themselves  essentially  in  size 
or  material.  This  is  not  generally  the  case  in  beds  of  stratified  rocks, 
for  in  such  rock^  the  sediments  are  ordinarily  arranged  according  to  the 
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size  aud  weight  of  the  fragments,  thus  prodacing  stratification,  as 
illastrated  in  the  laminated  sandstone,  specimen  No.  17. 

Following  is  a  cher       1  analysis  of  the  sandstone,  by  E.  A.  Schneider, 
which  shows  the  very  siliceous  character  of  the  rock : 


Analysis  of  banded  sandstone  from  Peoa,  Utah, 

.  Per  cent. 
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SiO, I      96.60 
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H,0  (lOS-^) . . . . 
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Total  . . . 


U 
29 


99.14 


No.  17.  Laminated  Sandstone. 

(From  Holyokk,  Ha.mpdex  County,  Massachusktts.    Dksckiijei)  i»y  J.  8. 

Dillkr.) 

The  sand  of  which  this  stone  is  composed  is  very  fine  and  is  arranged 
in  such  thin  sheets  as  to  produce  laminated  structure.  The  material  is 
much  finer  than  that  of  other  sandstones  in  the  series,  and  ap])roaches 
mud  or  clay  in  chara^jter.  Upon  the  broad  surfaces  of  the  hand  speci- 
men may  be  seen  many  glistenini^  scales  of  mica,  which  lie  parallel  to 
the  stratification.  On  account  of  their  extreme  thinness  the  scales  of 
mica  readily  float  and  are  carried  away  to  be  dei>osited  with  finer  sand 
and  mud. 

The  composition  varies  greatly  perpendicular  to  the  stratification  or 
lamination,  but  parallel  to  it  within  the  same  layer  the  composition 
is  comparatively  uniform.  The  lighter-colored  layers  are  composed 
chiefly  of  quartz  grains  with  mica,  some  grains  of  feldspar,  tourmaline, 
and  other  minerals.  The  cjuartz  is  often  well  rounded  and  coated  with 
oxide  of  iron.  The  darker-colored,  red  layers  contain  finer  material  and 
more  angular  particles.  Mica,  oxide  of  iron,  and  argillaceous  material 
are  much  more  abundant,  and  represent  a  quieter  stage  of  the  water 
than  the  coarser  films.  Systematic  variation  of  these  layers  indicates 
a  corresponding  variation  in  the  conditions  of  deposition.  Where 
the  coarser  and  thicker  portions  were  laid  down  the  water  was  more 
vigorously  in  motion  than  where  the  fine  sediment  was  deposited. 
The  coarser  may  represent  times  of  heavy  rains,  melting  snow,  or  flood- 
tide,  and  the  finer,  periods  of  low,  quiet  water,  carrying  a  much  smaller 
amount  of  sediment. 
Ball  Ida 6 
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Specimen  Ko.  17  illustrates  tbe  laminated  sandstone  of  the  Triassic 
rocks  in  tbe  Counecticat  Valley,  and  belongs  to  tbe  same  formation  as 
tbe  brownstone  of  Hnmmelstown,  Pennsylvania,  tbe  distribation  of 
wbicb  is  indicated  under  specimen  No.  14.  Tbrougbout  tbis  large  area 
tbe  conditions  vary  greatly,  and  wbile  tbe  laminated  sandstone  was 
forming  in  some  places,  coarser  sandstone  and  conglomerate  were  form 
ing  in  otber  places,  so  tbat  tbe  same  stratum  may  sbow  lateral  transitions 
from  tbe  finer  to  tbe  coarser  sediments. 

No.  18.  BiPPLEMARKED  SANDSTONE. 
(From  Holyoke,  Hampden  County,  Massachusetts.    Described  by  J.  S. 

DlLLER.) 

Tbe  wavelike  marks  upon  tbe  upper  surface  of  specimen  No.  18  are 
ripple  marks,  and  were  produced  by  corresponding  movements  of  tbe 
water  at  tbe  time  tbe  sediments  were  deposited.  In  tbe  water  tbey  are 
formed  only  wbere  it  is  sballow,  and  tbey  do  not  extend  beyond  tbe 
deptbs  to  wbicb  tbe  water  is  agitated  by  tbe  wind.  At  low  water  tbey 
are  well  exposed  along  tbe  sandy  sbores  of  tbe  ocean,  but  tbey  gener- 
ally attain  their  most  regular  development  upon  tbe  land  in  regions  of 
wind-blown  sand. 

PI.  XI  illustrates  tbe  ripple-marked  surface  of  one  of  tbe  sand  dunes 
near  Golden  Gate  Park,  San  Francisco,  California.  Tbe  bent  twigs  in 
tbe  foreground  sbow  tbe  direction  of  tbe  prevailing  strong  winds  to  be 
from  tbe  left;  tbat  is,  from  the  ocean.  Tbe  axes  of  tbe  ripple  marks 
are  perpendicular  to  tbe  course  of  tbe  wind,  and  tbe  slopes  of  the 
small  ridges  are  not  equal.  Upon  tbe  wiudward  side  tbe  slope  is  long 
and  gentle;  to  tbe  leeward  it  is  short  and  steep.  Tbe  sand  blown  by 
tbe  wind  moves  up  the  long  slope  and  falls  over  tbe  shorter  one,  caus- 
ing the  ridge  to  move  forward  with  tbe  wind,  but  at  a  much  slower 
rate.  Under  the  influence  of  strong  winds  from  the  Pacific,  the  ripple 
marks  illustrated  in  PI.  XI  gradually  advance  from  left  to  right.  The 
whole  surface  is  in  motion  and  the  dunes  travel  landward. 

The  development  of  ripple  marks  under  water  is  not  so  simple  a  mat- 
ter as  their  subaerial  development,  wbere  they  are  due  wholly  to  the 
influence  of  the  wind.  Tbe  ripple  marks  formed  by  water  are  rarely 
so  regular  as  those  illustrated  in  PI.  XI.  In  specimen  No.  18  the  upper 
surface  is  of  finer  material  than  tbat  of  which  tbe  ripple  marks  are 
chiefly  composed,  and  in  the  deposition  of  this  sediment  the  irregulari- 
ties of  tbe  rippled  surface  were  rendered  less  conspicuous.  Originally 
the  material  now  exposed  upon  the  rippled  surface  was  mud.  It  was 
soft  and  easily  impressed.  At  low  water  the  surface  was  uncovered 
and  exposed  to  tbe  weather.  Insects,  birds,  and  other  animals  crossing 
the  mud  flat  afoot  left  tracks.  The  footprints  were  covered  up  and  pre- 
served by  later  deposits  so  as  to  remain  in  the  rocks,  and  to-day  attbrd 
evidence  of  the  character  of  the  animals  that  lived  when  the  rock  was 
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formed.  The  sandstone  of  the  Conuecticat  Valley,  from  which  speci- 
mens No».  17  and  18  were  collected,  have  long  been  celebrated  for  the 
large  fossil  footprints  it  contains  in  certain  localities.  Duriug  the  early 
X)ortion  of  the  Jnratrias  period  amphibians  and  reptiles  of  large  size 
traversed  the  muddy  Hats  of  the  Connecticut  Valley  and  left  tracks  in 
some  cases  nearly  2  feet  in  length.  In  places  where  the  mud  was 
exposed  long  enough  to  dry,  reticulated  cracks  were  developed.  The 
succeeding  flood  filled  the  mud  cracks  with  sand,  and  when  the  rock  is 
split  apart  the  filled  mud  cracks  intersecting  the  ripple  marks  appear 
as  in  PL  XII. 

No.  19.   FOSSILIFEROUS   SANDSTONE. 

(From  Medina,  Orlkans  CorNTv,  New  York.    Described  by  J.  S.  Diller.) 

Fossiliferous  sandstone  differs  from  other  sandstone  only  in  that  it 
contains  fossils.  In  this  specimen  from  Medina,  New  York,  commonly 
called  the  Medina  sandstone,  the  sand,  like  that  of  the  Potsdam  sand- 
stone, is  almost  exclusively  quartz.  The  fossils  it  contains  are  either 
casts  or  shells  shaped  somewhat  like  a  tongue,  on  which  account  the 
little  mollusk  was  named  Lingulu.  Lingula  is  one  of  the  most  ancient 
genera,  ranging  from  the  lower  Canibrijin  to  the  present  day.  In  the 
course  of  evolution  it  has  been  remarkably  persistent,  and,  unlike  most 
forms,  has  suffered  comparatively  little  modification  under  the  influence 
of  a  long  series  of  geologic  changes. 

Tiie  fossils  found  in  the  sandstone  are  generally  of  animals  which 
lived  upon,  or  directly  above,  the  sandy  bottom  of  the  sea.  Rarely  the 
fossils  are  of  land  animals  or  plants  which  have  been  brought  to  the 
sea  by  rivers  and  buried  in  the  sand. 

The  fossiliferous  sandstone  at  Medina  is  composed  chiefly  of  quartz, 
the  grains  of  which  <ire  rather  angular.  The  preservation  of  the  deli- 
cate shells  indicates  that  the  sand,  at  the  time  of  it«  deposition,  was 
not  subjected  to  great  attrition,  else  the  fragile  shells  would  have  been 
ground  to  pieces.  The  cementing  substance  between  the  grains  is 
chiefly  carbonate  of  lime,  i)robably  derived  in  large  part  from  the 
fossils. 

This  sandstone  has  a  wide  distribution  through  the  eastern  part  of 
the  United  States,  especially  along  the  Appalachian  Mountains,  where 
it  is  evidently  a  shore  deposit,  passing  into  conglomerate,  and  contain- 
ing ripple  marks,  rill  marks,  and  other  evidences  of  littoral  origin. 
The  Medina  sandstone  is  associated  with  the  Oneida  conglomerate, 
and  it«  distribution  is  more  fully  given  on  pages  70  and  71.  Being  a 
bard,  siliceous  rock,  interstratified  with  shales,  limestones,  and  other 
softer  rocks,  it  more  effectually  resists  the  general  degradation  of  the 
land  than  its  associates,  and  in  the  course  of  long  continued  expo- 
sure has  come  to  be  the  principal  mountain  forming  rock  in  the  imme- 
diate vicinity  of  its  outijrop.  The  North  Mountain^  of  Pe\v\vK^\N*^.w\sw^ 
the  Massanatteo^  of  Virginia,  and  the  OlincVx  M.o\Mi\aiu^  ol  'l^^stta56>a»Rfe> 
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are  good  examples  of  mountains  formed  by  the  Medina  sandstone. 
They  are  remarkable  for  their  smooth,  even  crests,  and  give  evidence 
of  an  earlier  topographic  cycle,  when  the  land  of  that  region  stood  at  a 
much  lower  level  with  reference  to  the  sea,  having  been,  in  fact,  worn 
down  by  the  streams  during  the  long-continued  period  of  degradation 
almost  to  a  plain  (peneplain).  The  even-crested  mountains  of  hard 
rocks  are  the  only  remnants  of  this  ancient  peneplain. 

No.  20.  Graywaoke. 

(From  Hurley,  Iron  County,  Wisconsin.    Described  by  W.  S.  Bayley.) 

The  graywac/kes  difl'er  from  the  sandstones  in  composition.  Whereas 
the  latter  consist  essentially  of  quartz  grains  (or  of  quartz  and  feld- 
spar, as  in  the  case  of  the  arkoses)  cemented  by  quartzitic,  calcareous, 
or  other  cement  simple  in  composition,  the  graywackes  contain  grains 
of  many  different  minerals  and  small  fragments  of  rocks,  united  by  a 
cement  of  the  composition  of  many  slates.  In  the  formation  of  the 
sandstones  the  rocks  from  which  the  sands  were  derived  were  broken 
down  into  their  constituent  mineral  components,  and  these  were  sorted 
by  the  waters  in  which  they  were  deposited.  On  the  other  hand,  the 
rocks  from  wlioae  detritus  the  graywackes  were  made  were  not  so  com- 
pletely disintegrated.  The  sands  contained  not  only  quartz  and  other 
mineral  grains,  but  also  little  particles  of  rock,  all  so  intermingled  that 
we  can  not  believe  that  much  sorting  took  place.  When  rock  particle^ 
are  not  to  be  found  in  the  graywackes,  the  distinction  between  these 
rocks  and  the  sandstones  must  rest  upon  the  cementing  material,  which 
in  the  former  is  dark  in  color  and  contains  much  chlorite  and  some  mica.^ 

The  specimen  in  the  collection  was  taken  from  a  low  ledge  on  the 
south  side  of  the  Milwaukee,  Lake  Shore  and  Western  Railroad,  about 
three  miles  west  of  Hurley,  Wisconsin.  According  to  Irving  and  Van 
Hise,  the  rock  belongs  among  the  upper  beds  of  the  Penokee  iron 
formation,^  which  is  Iluronian.  It  is  not  foliated — that  is,  it  is  not  a 
schist — but  it  is  heavily  bedded,  th^  different  beds  appearing  as  finer 
or  coarser  grained  bands,  in  the  latter  of  which  rock  fragments  are 
quite  conspicuous,  while  in  the  former  the  grains  are  so  fine  that  the 
rocks  seem  to  grade  upward  into  black  slates.  All  the  beds  have  a  low 
dip,  a  little  east  of  south,  and  a  strike  north  of  east.  The  low  dip  of 
the  rock  over  large  areas  indicates  that  it  has  not  been  subjected  to 
severe  orographic  forces — a  fact  explaining  its  lack  of  foliation,  and 
thus  serving  to  distinguish  it,  together  with  all  the  other  Penokee- 
Gogebic  rocks,  from  the  much  squeezed,  highly  foliated  rocks  of  i)re- 
Huronian  age  in  this  region. 

The  specimen  is  an  excellent  representative  of  the  typical  gray- 
wacke,  although  but  few  rock  fragments  can  be  discovered  in  it.    It 


>Crt<;eikie:  Text- Book  of  Geology,  2(1  e<l.,  1885,  ]>.  162;  aud  J.  Koth:  Allgemeine  und  Cbemische 
Gi9ologir,  B.  11,  p.  622. 
'Tenth  A  nn.  Jicpt.  V.  S.  OeoL  Survey,  Part  I,  pp.  426  oi  mh\. 
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is  a  fine-grained  gray  rock  of  nearly  uniform  texture.  In  it  may  be 
detected  a  few  grains  of  quartz  tliat  often  appear  black,  small  dull 
white  grains  of  feldspar,  and  occasionally  tiny  black  streaks  tbat  look 
like  slate  fragments.  It  splits  quite  easily  parallel  to  its  bedding,  and 
breaks  with  a  more  or  less  ooncboidal  fracture  in  otber  directions.  Its 
density  is  2.687. 

Under  the  microscope  its  coarser  components  are  easily  distinguished 
from  the  matrix  or  cement,  which  is  not  in  very  large  quantity.  The 
most  numerous  grains  are  clear  fragments  of  quartz,  some  of  which 
present  the  rounded  outlines  of  waterworn  grains,  while  others  are  sub- 
angular.  They  often  contain  rows  of  tiny  vacuoles  filled  with  liquid, 
and  sometimes  a  few  little  specks  of  dust.  Many  of  them  have  a  wavy 
extinction,  which  is  usually  ascribed  to  deformaticm  in  the  internal 
structure  of  the  mineral  showing  it,  as  a  consequence  of  pressure.  A 
few  grains  are  seen  to  be  composed  of  several  portions  of  dift'erent  crys- 
tals, since  their  various  parts  extinguish  in  difterent  positions.  All 
these  features  are  those  belonging  to  the  quartz  of  crystalline  schists. 
Hence,  we  may  conclude  that  some  of  the  mat.erial  of  the  graywacke 
was  derived  from  rocks  belonging  to  the  crystalline-schist  series. 

Next  to  quartz  in  quantity  are  feldspar  grains.  Some  of  these  are 
quite  fresh,  and  consequently  clear,  grains  of  an  unstriated  variety 
that  is  probably  orthoclase.  Others  show  the  bars  of  plagioclase,  while 
a  few  are  marked  by  the  gridiron  crossbarriug  of  microcline.  A  few 
are  as  well  rounded  as  those  of  the  quartz,  but  most  are  more  or  less 
angular.  The  greater  i^ortion  of  the  feldspar  is  highly  altered.  In 
natural  light  such  grains  appear  cloudy,  and  olten  they  possess  a  red- 
dish tinge.  Under  crossed  nicols  they  break  up  into  a  sort  of  mosaic 
of  tiny  particles  of  quartz  and  small  needles  and  shreds  of  a  brightly 
polarizing  micaceous  mineral  that  may  be  kaolin.  In  the  most  highly 
colored  grains  the  pigment  is  discovered  to  be  a  red  or  reddish-brown 
iron  compound  intermingled  with  the  other  components  of  the  mosaic. 
The  shapes  of  the  altered  feldspar  grains  no  longer  resemble  those  of 
waterworn  fragments.  Decomposition  has  destroyed  their  original 
outlines,  for  now  the  kaolin  needles  extend  into  the  interstitial  cement, 
so  that  the  margin  formed  by  the  replacing  mosaic  is  rough  and  ragged. 

The  only  other  substances  that  are  cle«arly  seen  to  be  grains  are  a 
few  homblendic  pieces  and  fragments  of  dark  rock.  The  pieces  of 
hornblende  are  very  few  in  number.  They  are  irregular  in  their  out- 
line, as  if  broken,  unworn  pieces,  and  are  strongly  pleochroic,  being 
yellowish  green  in  a  direction  peri)endicular  to  their  cleavage,  and 
dark  green  parallel  to  this.  The  rock  fragments  are  dark,  and  some- 
times nearly  black.  Under  high  powers  they  are  found  to  consist  of 
fine  grains  of  quartz  and  of  a  dark  substance,  probably  some  mineral 
colored  black  by  magnetite. 

As  a  rule,  all  the  fragments  lie  with  their  longer  axes  in  one  direc- 
tion, which  a  little  examination  of  the  hand  specim^w  ^Vi^"^^  ViX^^va. 
the  plane  of  bedding. 
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The  f?raina  make  up  the  larger  part  of  the  rock  mass.  Its  most  char- 
acteristic portion,  however,  is  the  material  cementing  these.  This  is 
present  in  but  small  quantity.  It  consists  largely  of  chlorite,  which 
gives  it  its  greenish  hue  and  the  rock  its  dark  cohir.  The  minerals  that 
can  bo  detecte<l  in  it  arc  chlorite,  quartz,  biotite,  magnetite,  muscovite 
or  kaolin,  and  a  very  little  hematite.  The  first  two  are  the  most  com- 
mon. Under  high  powers  much  of  the  quartz  is  found  to  bo  in  small 
grains,  while  a  good  deal  of  the  same  mineral  is  intermingled  with 
chlorite,  etc.,  as  a  very  fine  aggregate  of  secondary  origin.  Professor 
Van  Hise,  who  has  studied  the  graywackes  of  the  Penokee  district^ 
very  carefully,  believes  that  this  quartz  has  come  principally  from 
feldspar,  whoso  otlier  product  of  decomposition  is  chlorite.  In  a  few 
instances  the  origin  of  the  quartz  and  chlorite  may  be  told  from  the 
general  shape  possessed  by  their  aggregates,  which  is  that  of  feldspar 
grains,  but  in  most  cases  the  aggregates  possess  such  indefinite  out- 
lines that  nothing  can  be  learned  from  them. 

The  true  cement  is  the  interstitial  substance  between  the  smallest 
recognizable  grains.  This  represents  what  was  originally  clay.  At 
present  it  is  composed  largely  of  tiny  fiakes  of  green  chlorite — a  little 
secondary  quartz  between  the  chlorite — and,  embedded  in  this  matrix, 
little  particles  of  magnetite  and  pyrite,  both  of  which  are  opaque, 
small  round  aggregates  of  a  dark-brown  translucent  rutile,  and  occa- 
sionally a  little  flake  of  green  biotite  and  tiny  shreds  of  kaolin  or  mus- 
covite. Since  the  same  muscovite  or  kaolin  shreds  are  observed  sur- 
rounding some  of  the  larger  grains  of  feldspar,  it  is  probable  that  this 
mineral  in  the  cement  is  derived,  like  the  larger  pieces,  from  substances 
of  the  composition  of  feldspar  in  the  original  clay. 

The  entire  cement  is  thus  found  to  be  crystalline.  None  of  the  origi- 
nal clay  remains.  The  alteration  is  regarded  by  Van  Hise,  in  the  article 
alluded  to  above,  as  due  entirely  to  the  influence  of  circulating  waters 
holding  certain  substances  in  solution,  the  most  important  being  some 
magnesium  salt.  By  the  action  of  this  salt  on  the  material  of  the 
plagioclase  and  of  the  iron-bearing  minerals  in  the  original  deposit  an 
abundance  of  chlorite  was  developed,  and  at  the  same  time  the  excess 
of  silica  in  the  feldspar  was  separated  as  quartz  in  the  interstices 
between  the  chlorite  flakes  in  the  matrix.^ 

Such  a  change  as  this,  produced  by  the  partial  solution  of  substances 
in  a  rock  and  their  chemical  reaction  upon  one  another,  is  known  as 
a  metasomatic  change.  By  it  a  clastic  rock  sometimes  loses  nearly 
all  evidences  of  its  original  fragmental  nature  and  becomes  crystal 
line.  If  the  metasomatic  change  is  attended  by  pressure,  the  rock  may 
have  developed  in  it  a  foliation,  and  may  thus  give  rise  to  a  new  rock, 
which,  if  its  origin  were  not  known,  would  undoubt-edly  be  called  a 
crystalline  schist.    liocks  of  this  nature  have  been  described  by  Van 

'Am.  Jour.  Sci.,  3*1  series,  Vol.  XX XT,  188G,  p.  453. 
'The  pereentAge  of  SiOg  in  oJi^ocia«e  i»  about  62  per  cent,  while  the  proportion  in  chlorite  ig  only 
boat  28  percent. 
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Hise,'  and  tbe  chemical  processes  that  have  changed  them  from  gray- 
wackes  to  mica-schists  have  been  very  carefully  worked  oat. 

PI.  XIII  shows  the  fragmental  character  of  the  rock  quite  plainly. 
The  lighter  grains,  both  the  rounded  ones  and  the  sharply  angular 
ones,  are  quartz.  The  large  clouded  grains  are  altered  feldspar.  In 
the  lower  i)ortion  of  the  figure  are  two  grains  that  have  retained  their 
waterworn  outlines^  while  to  the  right  of  the  center  and  a  little  above 
it  is  one  whose  original  outlines  have  nearly  disappeared  through 
decomposition.  The  muscovite,  biotite,  and  the  fine  components  of  the 
gi*onndmass  are  not  visible  in  the  photograph. 

The  chemical  composition  of  the  gmywacke,  as  repoited  by  IT.  N. 
Stokes,  is  as  follows : 

Analysis  of  gray wacke  from  Hurley ,  Wisconsin, 


Per  feDt. 
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CaO 

MgO 
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trace 
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2.  .')7 
1.87 


ToUl 100.18 


Tills  is  not  very  diflFerent  from  the  composition  of  a  feldspathic  quartz- 
ite.  Nor  should  we  expect  it  to  be  different,  for  the  original  rock  of 
whi(*h  the  graywacke is  an  altered  phase  was  a  plagioclasequartz-clay 
rock,  as  we  learn  from  its  microscopic  study.^ 

No.  21.  Shale. 

(From  Cashaqua  Crbrk,  Livingston  County,  New  York.    Dbscribkd  i»y  J.  S. 

DiLLKR.) 

Shale  is  composed  of  sediment  finer  than  sand.  It  usually  splits  or 
breaks  most  easily  parallel  to  its  stratification,  showing  that  this  line 
of  weakness  originated  at  the  time  of  deposition.  The  deposit  is  chiefly 
clay  with  very  fine  sand,  and  the  rock  became  shale  by  induration. 

The  rock  from  which  specimen  No.  21  was  collected  is  best  exposed  on 
Casliaqua  Creek,  Livingston  County,  New  York.  On  this  account  it 
was  locally  called  the  Cashaqua  shale.  It  is  light  greenish  gray,  and 
rather  sohd  for  shale.    It  was  obtained  at  a  fresh  exposure,  where  the 


)Cf.  C.  R.  Van  Hiae,  upon  the  Origin  of  the  mica-schiata  and  black  niica-alateH  of  the  Tenokee- 
Gogebic  iron-bearing  aeriea:  Am.  Jour.  Sci.,  8d  aeries,  Vol.  XXXI,  1686,  p.  453. 

'For  other  descriptiona  of  graywaokes  ace  F.  D.  Adama:  Appendix  tu  Ann.  Kept.  Canadian  GeoU 
Sarvey  for  1880-81-62,  Montreal,  1883,  pp.  20-23;  and  Irying  and  Van  U\%ft-.  *Il«iA\i  Krav.'&wfi.v.^  .^» 
Geol.  Survey,  pp.  42$etaeq. 
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corrasioii  by  the  stroam  is  rapid,  so  that  the  weathered  portion  of  the 
shale  lias  been  removed  and  brought  the  solid  rock  to  the  surface. 
When  exposed  for  a  considerable  time  to  the  weather,  shale  becomes 
fissile,  crumbles  to  small  pieces,  and  is  ultimately  reduced  to  a  tenacious 
clay,  sometimes  more  or  less  sandy,  ready  to  be  carried  away  by  the 
rains,  rills,  and  rivers  into  the  sea,  and  again  deposited  to  initiate  a  new 
rock  cycle.  In  the  field  the  Cashaqua  shale  contains  a  few  fossil  shells 
and  some  flattened  calcareous  concretions,  with  traces  here  and  there, 
but  no  continuous  beds,  of  sandstone.  On  the  Genesee  River  this  shale 
is  110  feet  thick.  It  gradually  thins  toward  the  west,  appearing  on  Lake 
Erie  with  a  thickness  of  33  feet.  To  the  east  of  Casha<]ua  Greek  sandy 
layers  become  more  and  more  abundant  and  the  shale  is  gradually 
replaced  by  sandstone,  indicating  that  the  source  from  which  the  sedi- 
ment of  the  shale  was  derived  lay  in  that  direction. 

Under  the  microscope  the  specimens  of  shale  from  Gashaqua  Greek 
are  seen  to  vary  considerably  in  the  size  of  the  particles  of  which  they 
are  composed.  The  component  material  may  be  conveniently  divided 
into  argillaceous  and  sandy.  Both  occur  in  the  same  specimen,  and 
may  be  present  in  nearly  equal  amounts,  or  either  may  predominate, 
forming  almost  the  whole  of  the  mass. 

The  sharp,  angular  sand  grains  are  chiefly  quartz.  It  is  generally 
clear  and  colorless,  but  occasionally  contains  liquid  and  other  inclu- 
sions. Greenish  grains  of  hornblende  and  chlorite  are  rather  common. 
No  fresh  feldspar  appears  among  the  grains  of  sand;  it  has  all  dis- 
appeared in  the  process  of  decomposition  and  disintegration  of  the  rock 
from  which  the  sediment  was  derived.  The  space  between  the  grains 
is  occupied  chiefly  by  argillaceous  matter.  It  incloses  scales  of  musco- 
vite,  numerous  crystals  of  ferruginous  carbonate  of  lime,  and  a  multi- 
tude of  minute  prismatic  crystals,  the  exact  nature  of  which  is  not 
well  understood.  The  muscovite  is  usually  in  very  small  scales  and 
stripes  intermingled  with  argillaceous  material  snch  as  one  sees  ordi- 
narily resulting  from  the  alteration  of  feldspar.  The  mica  in  large 
part,  and  perhaps  wholly,  and  also  the  clay,  originated  in  the  decom- 
posing feldspar,  although  it  is  possible  that  the  former  may  have  been 
derived  in  part  from  a  rock  containing  primary  muscovite. 

The  small  colorless  or  reddish  and  yellowish  brown  crystals  are  some- 
times perfect  rhombohedra,  but  more  commonly  they  are  round  grains 
or  groups  of  crystals.  When  sufficiently  transparent  the  colors  between 
crossed  nicols  are  high.  In  acetic  acid  they  effervesce  like  calcite, 
and  when  dissolved  in  hydrochloric  acid  the  solution,  upon  the  addition 
of  ammonia,  yields  a  precipitate  of  ferric  oxide,  showing  that  the  carbon- 
ate contains  iron.  Its  easy  solubility  suggests  that  it  is  not  dolomitic. 
The  mineral  is  apparently  ferrocalcite.  In  weathered  portions  of  the 
shale  the  ferrocalcite  is  reddish  and  yellowish  brown,  owing  to  the 
oxidation  of  the  iron,  and  occasionally  the  iron  oxide  is  in  sufficient 
abundance  to  give  a  rusty  tinge  to  the  rock. 
^^e  sharp,  augalar  cystsAs  and  grains  of  ferrocalcite  are  quite  uni- 
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formly  distributed  throagh  the  whole  mass  of  the  rock,  and  were 
apparently  deposited  with  the  other  sediment.  It  is  evident,  however, 
that  they  differ  widely  iu  their  origin  from  the  fragments  of  quartz 
and  the  greater  portions  of  the  sediments  in  which  they  occur.  The 
grains  of  quartz  are  minute  fragments  of  the  rocks  from  which  they 
were  derived.  They  are  not  crystals,  hut  their  boundaries  are  not  crys 
tallographic  lines.  The  fact  that  many  of  the  ferrocalcite  grains  are 
perfect  crystals  indicates  that  they  were  (feposited  directly  from  solu- 
tion iu  water.  Whether  their  precipitation  took  place  with  the  deposi- 
tion of  the  sediment  from  suspension,  or  at  a  later  date,  may  be  learned 
from  their  relation  to  the  associated  material  in  the  shale.  In  altered 
ro(^ks  carbonates  frequently  originate  in  the  decomposition  of  other 
minerals,  but  in  such  Ceases  there  are  usually  more  or  less  distinct  traces 
of  the  decomposed  mineral.  In  the  Cashaqua  shale  there  are  no  traces 
of  decomposed  minerals  to  indiciite  that  the  ferrocalcite  originated  that 
way.  The  complete  absence  of  veins  and  other  irregular  accumulations 
of  the  material  suggests  that  it  was  not  deposited  by  waters  circulating 
through  the  mass  after  the  rock  was  formed.  The  regularity  of  its 
distribution  and  its  idiomorphic  character  indicate  that  it  was  precipi- 
tated from  solution  in  the  ocean  waters  at  the  same  time  that  the  sus- 
pended sediments  were,  so  that  the  chemical  and  mechanical  sediments 
intermingled  upon  the  bottom.  It  is  known  that  mechanical  precipita- 
tion tends  to  promote  chemical  precipitation,  and  it  is  possible  that  the 
association  of  the  two  sediments  may  be  in  some  measure  accounted 
for  in  this  way. 

The  occurrence  of  ferrocalcite  in  this  shale  is  interesting  on  account 
of  its  bearing  upon  the  origin  of  extensive  deposits  of  iron  ore  among 
the  crystalline  schists.^ 

The  minute,  brownish,  prismatic  crystals  occurring  in  irregular 
abundance,  frequently  in  small  swarms,  throughout  the  argillaceous 
material  range  in  length  from  0.01""»  to  0.005°"".  Generally  they  are 
so  small  that  their  effect  upon  transmitted  light  can  not  be  observed, 
but  the  larger  ones  have  a  high  index  of  refraction,  giving  strong  color 
between  crossed  iiicols,  and  have  parallel  extinction.  They  sometimes 
join  in  such  a  way  as  to  suggest  twinning,  and  occasionally  are  bent. 
These  minute  crystals,  to  which  the  Germans  give  the  name  "Tlion- 
schiefernadelchen,"  occur  not  only  in  shale,  but  more  frequently  in  clay 
slate.  They  are  referred  to  in  the  description  of  specimen  No.  122,  and 
are  less  abundant  than  in  the  Cashaqua  shale.  The  exact  nature  of 
these  minnte  crystals  has  been  the  subject  of  much  investigation.  On 
account  of  their  small  size  it  is  difficult  to  isolate  them  for  chemical 
determination,  but  Sauer,  Cathrein,  and  Werveke  have  shown  conclu- 
sively that  at  least  in  many  cases  the  minute  crystals  are  rutile. 

The  Cashaqua  shale  in  New  York  is  a  member  of  the  Portage  group 
of  the  Devonian  system  of  rocks,  which  has  a  wide  distribution  over 
the  whole  country  between  the  Appalachian  and  E^oek^  \sv<^\3cvi\;^\SL%. 


'K  D.  Irrings  Am.  Jonr.  Scl.,  third  Mries,  Vol.  XXXII,  IWft,  vV.«*-Jina. 
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No.  22.  Carbonaceous  Shale. 

(From  Dug  Gap,  Walker  County,  Georgia.    Described  by  J.  S.  Diller.) 

This  shalo  was  collected  at  Dug  Gap,  near  Lafayette,  in  the  nortb- 
westerii  corner  of  Georgia.  On  account  of  its  color  it  is  sometimes 
called  the  black  shale,  or  Devonian  black  shale,  to  indicate  also  its 
geologic  age.  * 

The  upper  portion  of  the  shale,  3  or  4  feet  in  thickness,  is  usually 
dark  gray  in  color,  and  often  carries  a  layer  of  round  concretions  about 
an  inch  in  diameter.  The  remainder  of  the  formation,  the  portion  from 
which  the  specimens  were  taken,  is  jet  black  from  an  abundance  of  car- 
bonaceous matter,  and  when  freshly  broken  it  emits  a  strong  odor  like 
petroleum.^ 

To  the  unaided  eye  it  is  homogeneous  and  compact,  but  under  the 
microscope  it  is  minutely  granular.  The  grains  are  chiefly  angular 
particles  of  quartz,  with  minute  globules  and  crystals  of  pyrite  embedded 
in  dark-colored  material  which  is  largely  carbonaceous,  whence  the 
name  carbonaceous  shale.  That  this  material  is  for  the  most  part  car- 
bonaceous is  indicated  by  the  fact  that  when  heated  red-hot  for  a  short 
time  the  dark  color  disappears,  owing  to  the  combustion  of  the  carbon- 
aceous matter.  When  highly  heated  for  a  longer  time  before  the  blow- 
pipe it  turns  black  again  and  becomes  magnetic,  due  to  the  presence 
of  iron. 

The  highly  carbonaceous  character  of  the  shaJe  is  most  clearly  indi- 
cated by  the  following  chemical  analysis,  made  by  L.  G.  Eakins  in  the 
chemical  laboratory  of  the  United  States  Geological  Survey : 

Analysis  of  shale  from  Dug  Gap,  Georgia. 


Per  rent. 
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*  Ju  aoiue  States  tbis  black  shale  has  heen  diHtilled  for  oil,  yielding  30  to  40  gallons  iter  tun. 
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The  iron  pyrites  in  the  shale  oxidizes  and,  according  to  Hayes,*  fre- 
quently stains  the  weathered  surface  of  the  rock  with  iron  oxide  and 
sulphate  and  mineralizes  many  springs.  The  shaly  structure  is  not 
prominent  on  fresh  fractures,  but  is  brought  out  somewhat  by  weath- 
ering. 

Associated  with  the  black  shale  locally  in  Tennessee  are  small  nod- 
ules and  beds  of  phosphate  of  lime,  which  is  of  economic  importance 
as  a  fertilizer.  Although  only  a  few  feet  in  thickness,  this  shale  is 
perhaps  the  most  persistent  and  uniform  of  all  the  Paleozoic  formations 
of  the  South.  It  extends  over  the  whole  of  middle  Tennessee  from  the 
Tennessee  River  to  the  eastern  edge  of  the  Cumberland  Plateau  and 
southward  across  northwestern  Georgia  and  northern  Alabama,  its 
outcrops  indicating  an  original  extent  over  at  least  38,000  to  40,000 
square  miles. 

This  shale,  on  account  of  its  distinctive  and  striking  appearance,  has 
attracted  much  attention  from  miners  and  has  been  prospected  in  many 
places  for  coal  and  various  ores.  Snch  exploitation,  however,  has 
always  been  attended  by  failure,  as  the  shale  contains  nothing  of  present 
economic  importance  excepting  the  local  deposits  of  phosphate  of  lime. 
Although  it  carries  a  large  i)roportion  of  carbonaceous  matter  which 
burns  when  it  is  placed  in  a  hot  fire,  the  amount  is  not  sufficient  to 
constitute  it  a  fuel,  and  no  true  coal  is  ever  found  associated  with  it. 
Besides  the  fertilizer  it  affords,  this  formation  is  of  economic  importance 
chiefly  as  a  starting  point  in  prospecting  for  the  red  fossil  ore,  like  No. 
52  of  this  series,  which  belongs  below  it  at  a  uniform  depth  over  con- 
siderable areas. 

UNALTERED   SEDIMENTARY   ROCKS   OF   CHEMICAL   ORIGIN. 

No.  23.  Siliceous  Sinter.* 

(From  Ykllowstonk  National  Park.     Described  by  Walter  Harvey  Weed.) 

The  hot  springs  and  geysers  of  the  Yellowstone  are  surrounded  by 
Isirge  areas  of  siliceous  sinter  that  often  entirely  cover  the  floor  of  the 
geyser  basins.  About  tlie  spouting  vents  tliis  material  has  been  built 
u])  into  mounds  and  cones  of  unique  forms  and  great  beauty.  The 
more  quiet  pools  have  built  up  more  or  less  regular  mounds  of  white 
sinter,  which  are  in  places  as  much  as  20  feet  in  height  above  the  sur- 
rounding level.  Besides  these  deposits,  the  alkaline  waters  of  the 
geyser  regions  have  left  deposits  of  silica  wherever  they  have  flowed, 
and  many  square  miles  within  the  park  are  covered  by  white  and 
glistening  deposits  of  this  material. 

Until  the  Yellowstone  deposits  were  studied  it  was  tlie  generally 
accepted  theory  that  the  geyser  waters  reached  the  surface  heavily 


*Oeologlc  Adas  IT.  S.,  folio  2,  Ringgold,  Georgia- Tennessee.    Also,  Sixt^nth  Ann.  Kept.  U.  S.  Geol. 
Survey,  Part  IV,  pp.  61 1-023. 

*8ee  Fomation  of  liot*tpring  deposiu,  by  W.  a.  Weed;  l^inlli  Ann.  ^Lav^.  Y  .^.^^c\.^>x\n^^ >^^9)R^> 
pp.' 
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charged  with  silica,  which  by  relief  of  pressure,  by  cooling,  and  by 
evaporation  was  i)recipitated  out  and  deposited  by  the  waters.  Obser- 
vation of  the  natural  conditions  under  which  the  Yellowstone  deposits 
are  forming,  together  with  experiments  and  a  study  of  the  chemical 
analyses  of  the  geyser  waters,  showed  that  the  silica  brouglit  to  the 
surface  by  the  geyser  waters  was  rarely  separated  out  and  deposited 
by  the  first  two  causes,  but  that  deposits  are  formed  about  the  geysers 
and  the  margins  of  springs  by  evaporation,  producing  a  true  geyserite. 
A  new  mode  of  deposition  was  then  recognized,  namely,  the  separation 
of  silica  by  plant  life,  by  the  alga)  that  are  abundant  in  the  hot  waters 
of  the  regiop.  It  is  by  this  agency  that  much  the  largest  part  of  the 
sinter  deposits  of  the  region  have  been  formed. 

This  algous  vegetation  is  sure  to  be  observed  by  every  visitor  to 
the  region.  Its  varied  tones  of  pink,  yellow,  orange,  red,  brown,  and 
green  adorn  the  slopes  of  geyser  cones,  flush  the  white  silica  of  the 
little  basins  with  their  tints,  and  mark  the  waterways  with  their  bril- 
liant colors.  It  is  ever  present  where  the  temperature  does  not  exceed 
1850  F.,  oft^^n  lining  the  great  bowls  of  the  cooler  springs  and  ik>o1s 
with  leathery  sheets  of  brown  or  green.  Where  a  constant  overflow 
prevails,  the  channel  is  often  filled  by  a  vigorous  growth  in  which  an 
algie  mat  is  formed  having  the  consistency  of  a  firm  jelly,  and  most 
beautifully  colored.  In  whatever  form  it  is  found,  and  no  matter  how 
brilliantly  tinted,  this  algous  material,  if  removed  from  the  water  and 
dried  in  the  hot  sun  of  the  region,  rapidly  loses  its  color,  shrinks  in 
size,  and  becomes  an  opaque  white  mass  of  silica,  whose  weight  is  not 
one  i>er  cent  of  its  former  state.  Chemical  analysis,  made  in  the  Sur- 
vey laboratory  by  J.  E.  Whitfield,  shows  this  dried  material  to  be  silica 
and  water,  viz : 

Anahisin  of  dried  algoni  vegetation  from  geyser  vMirgin,  Yellowatone  Xational  Park, 

•  !  Per  cent. 


SiO, ;      93.37 

11,0 1        4.17 

Organic  matter ,        1.50 


Experiments  showed  the  writer  that  the  growing  algie  form  a  jelly 
of  hydrous  silica.  It  is  of  this  material  that  the  alga^  filaments  are 
formed,  and  the  alga^^  slime  of  other  waters  is  here  a  hydrous  silica 
binding  the  threads  together.  The  nature  of  this  separation  may  be 
seen  under  the  microscope,  though  the  fresh  hydrous  silica  is  difficult 
to  study,  and  the  dried  material  becomes  opaque.  In  most  cases  the 
glassy  rods  can  be  readily  distinguished,  and  the  inclosing  paste 
nsually  shows  globules  and  pellets  of  the  dehydrated  silica. 

The  specimen  No.  23  is  a  sinter  formed  by  algse.    It  is  light  and 

porous^  showing  in  x>art  a  fibrous  structure,  is  soft,  and  resembles  chalk 

72/  appearance  because  it  soils  the  fingers  with  a  white  impalpable 
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powder.  The  8i)ecimeD8  represent  the  lighter,  truly  algous  form  of 
siliceons  sinter,  such  as  is  commonly  formed  by  the  gelatinous  mats 
about  the  hot  springs. 

In  thin  section,  when  under  low  powers,  the  siliceous  sinter  usually 
appears  as  an  indistinct  aggregate  of  glassy  silica.  If,  however,  a 
power  of  200  diameters  be  used,  and  the  section  is  thin  enough,  the 
sinter  is  seen  to  be  composed  of  a  delicate  network  of  minute  fibers  or 
threads  which  pass  in  and  out,  and  are  often  composed  of  extremely 
minute  globules  of  silica  glass.  In  most  cases  the  algous  origin  of  the 
sinter  is  not  apparent  except  under  high  powers.  Generally  the 
organic  nature  of  the  sinter  can  not  be  satisfactorily  determined  in  thin 
section,  owing  to  the  fact  that  the  plant  rods  are  composefl  of  hyaline 
silica.  It  is  only  in  the  minutest  details  that  the  structure  may  be 
recognized.  In  some  specimens  of  the  sinter  we  see  extremely  minute, 
thread-like  particles  of  the  silica  held  in  a  mat  of  small  spheres  of 
silica  closely  crowded  together.  In  such  cases  it  is  not  reasonable  to 
assume  that  the  former  organic  Jelly  made  by  the  living  plant  has, 
upon  drying,  separated  into  such  globular  particles.  It  is  rather  more 
probable  that  the  silica  was  itself  in  the  globular  form  during  the  life 
of  the  plant. 

The  specimen  represents  the  most  common  form  of  freshly  forme<l 
Qinter  about  the  the  geyser  basins  of  the  Yellowstone.  The  illustra- 
tion, PI.  XIV,  represents  Old  Faithful  Geyser  in  action.  The  erup- 
tions are  of  four  or  five  minutes'  duration,  and  take  place  every  hour 
from  an  opening  a  couple  of  feet  across  in  the  summit  of  a  mound  built 
up  of  white  siliceous  sinter.  The  sinter  forms  a  series  of  shallow 
terraced  basins,  in  the  cooler  of  which  the  algie  colors  are  noticed. 

No.  24.  Vein. 

(From  Paskenta,  Tkhama  Coitnty,  California.     Described  ry  J.  S.  Diller.) 

Much  of  the  rain  that  falls  upon  the  earth  sinks  into  it  and  circulates 
through  the  pores  and  fissures  of  the  rocks  beneath  the  surface.  Sol- 
uble portions  of  the  rocks  are  dissolved,  and  the  water  becomes  charged 
with  mineral  matter.  When  this  water  again  reaches  the  surface  in 
springs  it  deposits  the  mineral  matter  held  in  solution,  and  thus  siliceous 
sinter  (No.  23),  travertine  (No.  29),  etc.,  are  formed.  It  may  deposit  its 
dissolved  material  beneath  the  surface,  filling  fissures  in  rocks,  or  form 
icicle  shaped  masses,  as  stalactites  (No.  28),  in  caverns. 

The  fissures  in  rocks  filled  in  this  way  with  mineral  matter  are  veins. 
They  are  illustrateil  by  specimen  No.  24,  which  was  collected  at  Paskenta, 
in  Tehama  County,  California,  where  they  occur  abundantly  as  stream 
pebbles  brought  down  from  the  Coast  Kange.  The  vein  in  this  case  is 
quite  uniformly  white,  and  is  comxK)sed  of  quartz  and  calcite.  When 
placed  in  dilute  hydrochloric  acid  it  effervesces  briskly,  dissolving  the 
calcite  and  leaving  the  quartz.  The  calcite  is  most  abuudaivt  \vl  tKv^ 
middle  portion  of  the  vein,  while  the  (quartz  u^ufiAVy  i^T^^wsiva»Xfts»  w^^xs. 
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the  sides,  nhowinf;  that  much  of  the  quart/,  was  deposited  before  the 
calclte.  This  relation  is  shown  in  fig.  H>,  illnstrating  a  vein  from  which 
the  calcite  has  been  removed  by  acid.  The  quartz  is  often  tooth- 
sbaped,  projecting  into  the  vein. 

Some  veins  are  composed  almost  wholly  of  calcite,  with  but  a  trace 
of  quartz  here  and  there  along  the  edges,  while  others  are  chiefly 
quartz.  Generally,  however,  the  two  minerala  are  present  in  nearly 
equal  amounts. 

The  rock  flsaurea  or  openings  which,  when  filled  with  mineral  mat- 
ter, become  veins  are  produced  in  various  ways.  Some  originate  in 
the  contraction  of  the  rock  while  drying  or  cooling,  others  are  due  to 
solution,  but  the  greater  number  that  become  veins  are  produced  in 
connection  with  movements  of  the  land  in  making  mountains  and  con- 
tinents. It  is  for  this  reason  that  veins  are  most  abundant  in  monntain 
regions  among  rocks  which  have  been  nptarned  and  metamorphosed. 
Veins  of  quartz  are  perhaps  more  abundant  than  those  of  any  other 
mineral,  and  those  of  calcite  are  next  in  number.  Feldspar,  barite, 
fluorite,  hornblende,  epidote,  and  pyroxene  are  other 
vein  minerals,  besides  precioas  metals,  snch  as  gold  and 
silver,  and  a  large  number  of  ores,  which  are  sometimes 
of  great  economic  valne.  Where  native  gold  occDra  it  is 
usually  found  in  quartz  veins. 

PI.  XV  illustrates  a  vein  of  quartz  2  feet  in  thickness 
cutting  jointed  gneissoid  rocks  on  the  Potomac  River 
near  Washington,  District  of  Columbia. 
A  vein  containing  ore  is  usually  called  a  U>de  by  miners, 
of\«iiiaiiiipMni  and  the  mineral  matter  associated  with  the  ore  id  the  vein 
ufniinrtKDniid  K  thfi  gantju^,  while  the  rock  containing  the  vein  is  the 
wiikiiii«c«ii-itB  coiintri/  rock.  Veins  when  first  formed  are  usnally  not 
has  bacii  n-.-  far  from  vertical,  but  they  may  be  displaced  bysnbse- 
"""*  * "  '  queiit  movements  and  intersected  by  several  series  of 
later  veins.  They  vary  in  breadth  from  a  mere  film  to  over  a  hundred 
feet,  an<l  occasionnlly  have  banded  structure  produced  by  the  deposition 
of  corresponding  layers  on  opposite  sides  of  the  fissure  until  it  is  com- 
pletely filled.  When  the  filling  is  not  complete  the  cavities  are  fte- 
quenlly  lined  with  beautiful  crystals  similar  to  those  fuand  in  geodea. 
Fibrous  minerals  are  usnally  found  in  veins,  and  the  fibers  are  perpen- 
dicular to  the  walls. 

No.  25.  Vein  Quaetz. 


(Prom    CABTLKTON-,    MaRVOIID   COONTV,    MaRYI^AND.      nRSCRIBEU    HT   J,  S.  DlLLKR.) 

Of  the  various  kinds  of  vein-forming  minerals,  qnartz  is  the  most 
common  and  impoitant.  Veins  of  quartz  iu  altered  crystalline  rocks 
are  sometimes  KK)  feet  or  more  iu  width  and  may  be  traced  across  the 
country  for  miles.  It  occurs  in  sufficiently  large  masses  to  be  consid- 
Hnd  as  a  rock.  Although  nsually  associated  with  metamorphic  rocks, 
^^"igiiiated,  Uku  siliceous  sinter,  by  deposition  from  aiiueous  solution. 
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Specimen  No.  25  is  from  a  large  vein  at  Castleton,  Maryland.  The 
rock  is  light  colored,  vitreoas  lastered,  hard  enoagh  to  readily  scratch 
glass,  infnsible,  insoluble  in  hydrochloric  acid,  and  in  fact  has  all  the 
characteristic  properties  of  the  mineral  quartz.  It«  structure  is  granu- 
lar, but  the  grains  being  angular  and  interlocked,  as  in  granite,  they 
occupy  all  the  spae«,  and  as  all  the  particles  are  of  the  same  material  it 
does  not  appear  granular  to  the  naked  eye.  This  structure  is,  however, 
well  displayed  under  the  microscope  between  crossed  nicols,  owing  to 
the  unlike  optical  orientation  of  the  grains.  The  grains  are  transpar- 
ent, although  somewhat  clouded  by  a  multitude  of  minute  liquid  inclu- 
sions, usually  less  than  0.002  "'*"  in  diameter.  These  minute  inclusions 
can  be  seen  only  with  a  high  magnifying  power,  but  are  known  to  be 
liquid  on  account  of  the  moving  bubble  which  each  one  contains.  If 
the  section  be  gently  heated,  the  liquid  expands  so  as  to  occupy  the 
whole  cavity  and  the  bubble  disappears.  The  cause  of  the  rapid  motion 
of  the  bubble  in  these  inclusions  is  not  well  understood. 

Similar  inclusions  occur  in  the  quartz  associated  with  the  calcite  in 
the  vein  of  specimen  No.  24,  as  well  as  in  the  quartz  of  granite,  gneiss, 
and  schistose  rocks  generally. 

The  included  Hquid  is  usually  water,  but  in  some  cases  has  been 
shown  ^  to  be  carbon  dioxide  in  a  liquid  state,  and  the  two  may  occur 
together  in  the  same  cavity.  Vein  quartz  is  a  water  deposit  from  solu- 
tion, and  the  included  water  was  usually  imprisoned  in  the  cavities  at 
the  time  the  quartz  was  formed.  Occasionally  minute  cubes  of  salt  are 
found  in  these  liquid  inclusions. 

The  quartz  at  Castleton  is  mined  and  finely  pulverized  for  use  in  the 
manufacture  of  pottery.  In  order  to  render  it  more  pulverable  it  is 
highly  heated  in  a  kiln.  It  comes  out  snow-white  and  brittle,  ready  for 
grinding. 

No.  26.  Siliceous  Oolite. 

(Fhom  Center  County,  Pennsylvania.    Dbsckibed  hy  J.  S.  Dilleh.) 

The  occurrence  of  silica  in  the  form  of  sinter  deposited  by  geysers  is 
illustrated  by  specimen  No.  23 ;  that  deposited  in  fissures  as  veins  is  rep- 
resented by  specimens  Nos.  24  and  25.  We  now  come  to  a  form  in  which 
the  silica  appears  in  small  spherules  like  fish  roe,  whence  the  name 
oolite.  In  this  case  the  chief  component  of  the  oolite  is  silica,  and  it  is 
designated  siliceous  oolite  to  distinguish  it  from  the  more  common  form 
of  oolite,  such  as  specimen  No.  31,  which  is  com^wsed  of  carbonate  of 
lime.  The  material  was  collected  near  State  College,  in  Center  County, 
Pennsylvania,  where  it  occurs  as  bowlders  associated  with  flint  over  an 
area  of  several  square  miles. 

This  oolite  is  remarkable  for  the  uniformity  in  shape,  size,  and  distri- 
bution of  the  spherules.  On  a  fresh  fracture  their  centers  are  usually 
dark,  while  their  rims  and  the  matrix  which  fills  the  interspaces  and 
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incloses  tlie  spberales  are  light  colored.  Both  spherules  and  matrix 
are  firmly  coherent,  so  that  a  fracture  passes  directly  through  the 
spherules  instead  of  around  them.  In  some  places  the  hand  8i)ecimens 
show  cavities  which  are  lined  with  minute  crystals  of  quartz.  It  is 
evident  that  if  conditions  had  continued  favorable  for  the  development 
of  quartz  these  drusy  cavities  would  all  have  been  filled. 

The  structure  of  the  spherules  may  be  readily  seen  in  the  hand  speci- 
men with  a  pocket  lens.  Their  centers  are  usually  dark,  granular,  and 
vitreous,  and  surrounded  by  a  dense  waxy  envelope,  which  is  in  many 
cases  beautifully  banded,  like  agate.  This  relation  is  illustrated  by  ^he 
spherule  in  the  center  of  the  figures  in  PL  XVI.  The  concentric  s..ruc- 
ture  shows  that  the  spherules  result  from  growth  and  not  from  attrition. 
At  the  center  of  many  of  them  rounded  grains  of  sand  are  found  as  a 
nucleus,  about  which  the  silica  was  deposited  in  successive  layers. 
Some  of  the  layers  are  granular  quartz ;  others  are  fine,  granular,  or 
fibrous  chalcedony.  The  black  bands  and  clouding  in  the  figures  are 
brown  oxide  of  iron. 

The  two  large  spherules  cut  through  the  middle  by  the  left  edge  of 
the  figures  in  PI.  XVI  have  each  a  round  grain  of  quartz  at  the  center. 
These  grains  are  full  of  minute  needles  and  liquid  inclusions,  like  those 
of  granitic  quartz.  The  minute  needles  observed  in  these  nucleal 
quartzes  do  not  occur  in  the  granular  quartz  of  the  concentric  layers. 
As  pointed  out  by  O.  E.  Hovey,  this  nucleal  quartz  is  occasionally 
surrounded  by  secondary  growths  of  quartz  optically  continuous  with 
the  original  grain.'  In  each  of  the  two  spherules  alluded  to  the  quartz 
is  encircled  by  a  rather  coarsely  granular  band  in  which  many  of  tlie 
longer  diameters  of  the  grains  radiate  from  the  center  of  the  spherule. 
Some  of  the  spherules  are  composed  wholly  of  such  grains,  and  the 
radial  structure  is  plain.  Others  appear  to  be  made  chiefly  of  chal- 
cedony. All  the  sections  showing  a  nucleal  grain  are  corresi)onding 
sections,  and  supposed  to  be  through  the  middle  of  the  spherule. 
When  compared  it  is  evident  that  the  composition  and  structure  of 
the  spherules  vary  considerably.  Occasionally  the  nucleal  quartz  is 
enveloped  in  a  thick,  dense  layer  of  oxide  of  iron,  and  more  rarely 
there  are  finely  fibrous  layers  nearly  midway  between  the  center  and 
circumference  of  the  spherule.  The  outermost  layers  of  the  spherules, 
which  form  the  borders  of  the  interstitial  spaces,  are  generally  fibrous. 
This  structure  is  well  illustrated  about  the  clear,  triangular  area  toward 
the  lower  left-hand  portion  of  Fig.  B  of  PI.  XVI. 

Oolite  composed  of  carbonate  of  lime  is  of  common  occurrence,  some- 
times in  large  masses  containing  marine  shells,  and  must  be  of  marine 
origin.  Its  formation  has  been  observed  in  lakes  and  springs,  also. 
On  the  other  hand,  siliceous  oolite  is  rare,  and  from  the  fact  that,  as 
in  specimen  No.  28,  silica  is  known  to  replace  carbonate  of  lime,  it  has 
been   suggested  that  the  siliceous  oolite  was  originally  calcareous. 


'Bull.  Geol.  Soc.  America,  Vol.  V,  p.  628. 
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Pertinent  to  this  view  are  the  following  chemical  determinations  taken 
from  complete  analyses  published  by  Edwin  H.  Barbour  and  Joseph 
Torrey,  jr. :  ^ 

Composition  of  oolite  from  near  State  College  f  Pennsylvania. 


Lime-f)ilica 
colite. 

SUicalime 
oolite. 

Siliceona 
oolite. 

Silica 

3.7 

1 

Sfl.  50     1           95. 83 

Calcinm  carbonate  or  oxide 

88.71                 16.84 

].93 

The  lime- silica  oolite  and  silica-lime  oolite  occur  in  the  same  hand 
specimen,  but  are  said  to  be  separated  by  a  sharp  line.  Siliceous 
oolite  and  flint  occur  at  the  same  locality.  The  same  observers  report 
organic  remains  in  the  siliceous  oolite  they  describe,  but  none  were 
observed  in  the  specimens  of  this  series  nor  in  the  material  described 
by  Hovey. 

It  does  not  admit  of  doubt  that  the  nuclear  quartzes  filled  with 
minute  needles  were  originally  grains  of  sand  about  which  the  con- 
centric layers  of  silica  were  formed,  but  whether  or  not  the  concentric 
layers  when  first  formed  were  calcareous  or  siliceous  may  yet  be  ques- 
tioned. Dr.  W.  Bergt,^  who  has  studied  the  material  most  carefully  in 
the  laboratory,  and  G.  K.  Wieland,-^  who  has  investigated  it  in  the  field, 
have  advocated  its  direct  deposition  from  hot  siliceous  springs  and  have 
described  associated  phenomena  indicating  such  origin.  Furthermore, 
similar  deposits  have  been  observed  by  W.  H.  Weed  now  forming  about 
the  siliceous  hot  springs  of  the  Yellowstone  National  Park.  They 
will  be  described  by  him  in  Monograph  XXXII  of  the  Geological 
Survey  series,  under  the  head  of  "Hot-spring  deposits." 


No.  27.    Gypsum. 

(From  Gypsum,  Ottawa  County,  Ohio.    Described  by  J.  S.  Dillkr.) 

Gypsum,  like  quartz  and  calcite,  occurs  at  times  in  such  large  masses 
as  to  be  properly  considered  a  rock.  At  Gypsum,  Ohio,  it  is  found 
near  the  middle  of  a  great  sheet  of  limestone  of  upper  Silurian  age. 
The  specimens  for  this  series  were  collected  by  Messrs.  Marsh  &  Co. 

Gypsum  is  generally  fine-granular,  or  compact,  and  so  soft  as  to  be 
quite  easily  scratched  with  the  finger  nail,  but,  unlike  limestone,  does 
not  effervesce  in  acid.  Its  normal  color  is  white,  though  by  admixture 
of  clay,  carbonaceous  matter,  and  iron  oxide,  it  becomes  gray,  brown, 
or  reddish.  The  clear,  transparent  form  of  gypsum  is  selenite,  and  the 
compact,  white  form,  frequently  used  for  statuary  and  ornaments,  is 
alabaster.    Its  comxK>sition  is  0aSO42H2O.    When  heated,  the  water 

>  Am.  Junr.  Sci.,  3d  series,  Vol.  XL,  pp.  248,  249.    See  also  Petrology  for  Students,  by  Alfred  Harker, 
p.  232. 
*Gesellscbaft  Isis,  in  Dresden,  1892,  p.  115. 
•Am.  Jour.  Sci.,  Oct.,  1807,  4th  series,  Vol.  IV,  pp.  2G2-2M. 
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is  readily  driven  off,  and  the  resulting  powder  is  the  cominon  plaster  of 
paris  of  commerce. 

Gypsum  is  usually  found  in  beds  or  lenticular  masses  associated  with 
clay  and  rock  salt,  or  anhydrite,  and  it  has  been  found  locally  in  rocks 
of  all  ages  later  than  the  Silurian.  This  intimate  association  with  rock 
snlt  clearly  indicates  its  marine  origin  in  many  cases  at  least;  for  it  is 
well  known  that  in  the  manufacture  of  salt  by  evaporation  from  sea 
water  gypsum  is  precipitated  before  the  more  soluble  salt.  Gypsum 
occurs  also  in  irregular  masses  in  limestone  and  is  not  associated  with 
salt.  It  then  appears  to  have  resulted  directly  from  the  action  of  sul- 
phuric acid  upon  the  limestone,  converting  the  carbonate  into  the 
hydrous  sulphate  of  lime.  Gypsum  is  rarely  found  forming  incrusta- 
tions in  caves.^ 

Gypsum  is  used  chiefly  in  the  manufacture  of  plaster  of  paris  and 
land  plaster.  The  former  has  many  applications  in  the  arts,  and  the 
latter  is  a  valuable  fertilizer.  Thin  plates  of  selenite  are  used  to  secure 
certain  optical  effects  in  microscopic  investigations,  and  from  alabaster 
statuary,  vases,  and  other  ornaments  are  carved. 

No.  28.    Stalactites. 

(From  Luray  Cavk,  Page  County,  Virginia.    Dbscribbd  by  J.  S.  Diller.) 

Limestone  is  one  of  the  most  soluble  among  the  common  rocks,  and  in 
certain  regions,  as  for  example  Virginia  and  Kentucky,  where  circum- 
stances are  favorable,  large  caves  are  made  in  it  by  solution.  The  under- 
ground water  in  such  regions  contains  much  dissolved  limestone,  and 
wben  it  seeps  through  the  roof  of  a  cave  and  evaporates  the  dissolved 
limestone  is  deposited  in  various  shapes,  depending  chiefly  upon  the  rate 
of  supi)ly.  The  most  common  and  characteristic  feature  is  the  stalactite 
illustrated  by  specimen  No.  28.  A  number  of  stalaetites  in  position  are 
shown  in  the  accompanying  PI.  XVII,  a  view  of  Marengo  Cave,  Indiana, 
taken  by  Mr.  Ben  Haines. 

A  drop  of  water  with  carbonate  of  lime  in  solution,  upon  reaching  the 
roof  of  the  cave  where  it  is  exposed,  begins  to  evaporate  and  lose  its 
carbonic  acid  by  virtue  of  which  it  holds  the  limestonein  solution.  As 
a  result  the  calcareous  matter  is  deposited  around  the  edge  of  the  drop, 
and  if  the  proper  supply  continues  a  tubular  pendant  will  develop. 
While  some  of  the  small  stalactites  are  hollow,  they  do  not  long  remain 
so,  for  the  hollow  soon  filjs  and  the  growth  of  the  stalactite  continues 
by  the  addition  of  successive  layers  upon  the  outside.  A  cross  section 
of  a  stalactite  shows  it  to  be  composed  of  one  or  more  concentric  bands, 
which  are  usually  r«adial  fibrous.  Their  color  is  generally  yellowish, 
owing  to  the  presence  of  iron  oxide,  but  occasionally  they  are  snow- 
white  and  translucent  or  beautifully  colored  by  copper  or  other  sub- 
stances.   Their  chemical  composition  is  CaCOa,  which  generally  crys- 

'iiee paper  by  O.  P.  Merrill,  Proc.  U.  S.  Nat.  Mua.,  Vol.  XVII,  pp.  80-81. 
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tallizes  in  the  hexagonal  system  as  calcite,  bat  occasionally  in  the 
orthorhonibic  system  as  aragonite. 

In  PI.  XVII  stalactites  are  seen  hanging  like  icicles  from  the  roof  of 
a  cave.  When  the  supply  of  water  is  greater  than  can  be  evaporated 
from  the  stalactites,  some  of  it  drops  to  the  floor  and  forms  a  stalagmite 
which  grows  upward  as  the  stalactite  grows  downward,  and  if  the 
process  be  continued  long  enough  the  two  will  meet  and  form  a  column, 
as  shown  in  the  plate.  Variations  in  the  rate  and  distribution  of  the 
supply  give  rise  to  many  beautiful  as  well  as  grotesque  forms.  Luray 
Cave,  of  Virginia,  from  which  specimen  No.  28  was  collected,  is  remark- 
able for  the  abundance  and  varied  character  of  its  deposits.  Part  of 
these  are  illustrated  in  PL  XVIII,  from  a  photograph  taken  by  Mr.  C.  H. 
James,  of  Philadelphia.  All  caverns  are  not  so  beautifully  ornamented. 
Mammoth  Cave,  of  Kentucky,  although  remarkable  for  its  size,  contains 
a  very  small  amount  of  cave  deposits  such  as  are  shown  by  the  two 
illustrations. 

The  formation  of  stalactites  has  been  described  and  illustrated  by 
G.  P.  Menill  in  Proc.  U.  S.  Nat.  Mus.,  Vol.  XVII,  pp.  77-80. 

No.  29.    Travertine. 

(From  Mammoth  Hot  »spRiN<i8,  Yellowstone  National  Park.    De.scribed  bv 

Walter  Harvky  Weki>.) 

Among  the  many  interesting  natural  phenomena  that  claim  the 
attention  of  the  visitor  to  the  Y'ellowstone  National  Park,  the  geysers 
and  hot  springs  rank  first  in  general  interest.  Their  novelty  and 
beauty  are  sure  to  attract  universal  admiration,  while  the  vast  quanti- 
ties of  hot  water  that  flow  from  the  ground  are  convincing  evidence 
of  the  nearness  of  internal  heat.  These  steaming  fountains  and  boiling 
pools  are  usually  surrounded  by  snowy  white  borders  of  mineral  matter 
deposited  by  the  hot  waters. 

At  the  Mammoth  Hot  Springs  the  deposit  consists  of  carbonate  of 
lime ;  this  forms  the  unique  marble  terraces  and  pulpit  basins  of  those 
springs.  The  total  area  covered  by  travertine  at  this  place  is  over  a 
thousand  acres,  and  the  greatest  thickness  is  about  250  feet.  When 
first  seen  the  main  mass  of  the  deposit  is  striking  from  its  whiteness, 
resembling  an  immense  snow  bank,  filling  a  narrow  valley  environed  by 
dark-green,  pine-clad  slopes.  This  deposit  of  travertine  forms  benches 
or  terraces,  the  largest  one,  on  which  the  hotel  stands,  being  83  acres 
in  extent.  While  the  deposit  is  white,  or  if  old  and  weathered  a  light 
gray,  the  hot-spring  bowls  and  overflow  basins,  and  especially  the  slopes 
wet  by  the  streams  of  hot  water,  are  brilliantly  tinted  with  red,  yellow, 
orange,  green,  and  brown.  These  colors  are  due  to  a  low  form  of  plant 
life — alga' — v/hose  presence  is  not  easily  recognizable,  owing  to  the 
covering  of  travertine.  The  illustration  shows  the  general  character 
of  the  terraced  basins  that  are  built  up  on  the  oveirtio^  Ao^e^;e»* 
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The  illnatratioD,  PI.  XIX,  shows  the  hot-water  basins  that  cover  the 
slopes,  like  irregular  steps.  They  are  formed  by  tbe  more  rapid  deposi- 
tion about  the  edges  of  pools  of  hot  water;  and  tbe  crenulated  border 
prodaced  by  the  rippling  of  tbe  water,  together  with  the  presence  of 
algte,  caasea  aa  overflow  that  builds  tip  stolactitic  masses  that  bang 
like  a  fringe  down  the  sides  of  the  basios. 

The  occurrence  of  plant  life  in  these  hot  waters  bas  a  special  signifi- 
cance, as  the  travertine  deposits  are  built  op  chiefly  by  the  activity  of 
these  little  plants,  which  abstract  carbon  dioxide  from  the  hot  waters, 
thus  causing  the  precipitation  of  the  carbonate  of  lime  held  in  soliil  ion. 
The  specimen  shows  the  fibrous  variety  of  travertine  formed  by  the 
encrusting  of  the  yellow,  silky  skeins  of  algte  filaments  growing  in  the 
hottest  waters  near  tbe  orifices  of  the  springs.  This  deposit  forms 
fan-sbaped  masses  (llg.  11),  wbicb  eventually  cboke  up  the  spring. 

Tbe  specimen  shows  a  beautiful  fibrous  structure,  and  is  apjiarently 
compact,  but  the  transverse  section  shown  by  the  ends  of  the  specimen 


— Tr»ertlDe  f>u,  Uuumotb  Bat  SpiiSKS,  Tellairi 


prove  tbe  rock  to  be  ceUolar.  The  freshly  formed  rock  ia  soft  and 
friable,  but  becomes  indurated  and  compact  with  age,  the  change 
being  unaccompanied  by  any  variation  in  chemical  composition.  While 
freshly  formed  and  wet,  the  travertine  retains  the  brilliant  colors  of 
the  algiu,  but  these  gradually  fade  upon  drying  and  tbe  death  of  the 
plant  life,  and  the  deposit  becomes  chalky  white.  The  older  deposits 
have  a  gray  surface,  due  to  the  orgauic  matter  from  the  algie  present 
in  the  rock. 

Though  the  specimen  of  travertine  described  is  a  hot-spriug  deposit, 
this  rock  is  also  formed  by  cold-spring  waters  which  are  highly  charged 
with  carbonate  of  lime.  The  beautiful  cave  onyx  aud  other  cave 
deposits  are  similar  in  composition,  but  tbey  are  formed  more  slowly 
and  are  therefore  of  difi'erent  physical  character. 

In  thin  section  under  the  microscope  the  organic  origin  is  not  dis- 
closed, but  fresh  8i>ecimens  may  be  dissolved  iu  dilute  acid,  which  will 
leveal  the  ulgte  sheaths  and  threads.    The  following  analysis,  made  iu 
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the  laboratory  of  the  United  States  Geological  Survey  by  J.  E.  Whit- 
field, shows  the  material  to  be  a  nearly  pore  carbonate  of  lime: 

^naljfsU  of  irarer  tine  from  rent  near  Blue  Springi,  main  ierrace.  Mammoth  Hot  Springe, 

y'ellaiveione  If^ational  Park. 


Si0„  silica 

Al,0,4  F©»0, 

SO3,  sulphuric  acid 

CaO.Iime 

CaCOs,  lime  carbonate 

!MgO,  magneoia 

KaCl,  sodium  chloride 

K3O,  iM>ta8h 

COs.  carbonic  acid 

11,0,  water 

C, carbon  

other  conntituents 


Percent. 

• 

0.06 

0.  U 

0.70 

S5.02 

a  (96. 02) 

0.06 

0.20 

6  0.08 

42.  •2b 

1.00 

0. 24 


Total 


99.81 


a  Tf  nil  the  ('O,  be  suppoHcd  (o  i  o  ('(luibim  d  with  lime. 
b  PotaHAic  <;hIoride. 

The  striking  feature  of  the  analysis  is  the  remarkably  low  percentage 
of  carbon  wh(»u  it  is  remembered  that  the  travertine  is  formed  of  lime- 
incrusted  algiv  threads. 

The  waters  of  the  Mammoth  Hot  Springs  are  so  heavily  charged 
with  carbonate  of  lime  in  solution  that  this  substance  is  deposited  by 
other  agencies  than  plant  life,  but  they  are  insignificant  in  comparison 
with  it.  This  is  taken  advantage  of  in  the  preparation  of  coated 
articles  of  metal  and  glass — often  sold  to  tourists — the  articles  being 
prepared  by  exposing  them  to  hot-water  spray. 

In  thin  section  under  the  microscope  the  travertine  shows  tangled 
fibers,  which  are  surrounded  by  a  furry  growth  of  calcite  spicules,  which 
are  in  general  at  right  angles  to  the  fibers.  Under  high  powers  with 
crossed  nicols  these  rods  appear  brownish  gray  in  color,  and  the  spaces 
between  the  fibers  are  filled  with  a  finely  cryptocrystalline  aggregate 
of  calcite.  In  many  of  the  sex^tions,  where  the  rods  are  thickly  crowded, 
the  lac(^like  arrangement  is  not  so  apparent  and  the  calcite  aggregate  is 
wanting.  The  calcite  spicules  which  surround  the  rods  are  but  rudely 
radial  in  appearance,  and  sometimes  appear  felted,  but  generally 
resemble  delicate  frostwork.  This  microscopic  structure  quite  accords 
with  what  we  know  of  the  origin  of  the  travertine.  The  rods  are  the 
coatings  of  the  algai  threads,  which  in  the  section  are  probably  merely 
shells  and  contain  no  recognizable  organic  matter. 
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Ko.  30.    Oolitic  Sand. 

(From  Pyramid  Lake,  Wasiiok  CouirrY,  Nevada.    Describkd  by  J.  S.  Diller.) 

Among  the  ^N^eedles  on  the  shore  of  Pyramid  Lake  in  Xevada,  accord- 
ing to  Prof.  I.  0.  Eussell,  the  short  beaches  are  made  up  of  oolitic 
sand,  represented  by  specimen  No.  30.  Although  most  of  the  grains  are 
well  rounded,  there  are  many  subangular  ones.  In  size  they  are  very 
irregular,  ranging  from  I "'™  to  6  *»"  in  diameter.  The  smaller,  when 
cemented,  give  rise  to  oolite,  but  the  larger  ones  produce  pisolite. 
Among  the  well-rounded  grains  are  occasional  shells  of  a  small  snail. 

The  middle  portion  of  each  spherule  is  minutely  granular  and  envel- 
oped by  series  of  concentric  fibrous  granular  layers.  Each  spherule  is 
a  concretion.  Some  have  grains  of  sand  or  minute  shells  at  the  center 
as  a  nucleus,  about  which  the  carbonate  of  lime  accumnlated.  Occa- 
sionally the  nucleus  is  large  and  complex,  including  one  or  more 
concretionary  grains,  each  having  its  own  concentric  banding.  Most 
of  the  spherules,  however,  are  without  such  foreign  nucleus.  They 
appear  to  have  started  by  the  segregation  of  the  more  or  less  floccu- 
lent  particles  of  the  precipitate  itelf,  forming  globular  accumulations 
upon  which  the  further  i)recipitation  continued  with  variations,  giving 
rise  to  successive  rings  of  growth.  This  subject  will  be  considered 
more  at  length  under  *'  Concretions"  (Nos.  33  to  3G). 

The  spherical  form  of  the  grains  and  the  uniform  thickness  of  the 
concentric  layers  indicate  that  the  grains  were  in  motion  while  the  suc- 
cessive coats  were  formed.  Professor  Russell*  remarks  that  *^this 
material  is  evidently  now  forming,  and  in  places  has  been  cemented 
into  a  ex)mpact  oolite  by  the  deposition  of  a  paste  of  calcium  carbonate 
between  the  grains,  and  forms  irregular  layers  several  inches  in  thick- 
ness that  slope  lakeward  at  a  low  angle."  The  formation  of  oolitic 
sand  on  the  shore  of  Pyramid  Lake  is  limited  to  the  immediate  vicinity 
of  the  Needles,  where  warm  calcareous  springs  rise  near  the  shallow 
margin  of  the  lake.^ 

Similar  sand,  but  much  finer,  is  now  forming  locally  upon  the  shores 
of  Great  Salt  Lake.  The  waters  of  Pyramid  Lake  and  Great  Salt  Lake 
differ  widely  in  chemical  composition,  and  it  is  evident  that  the  con- 
ditions under  which  oolitic  and  pisolitic  sand  may  be  formed  vary 
considerably. 

Dr.  A.  Rothpletz  has  shown  ^  that  the  oolitic  sand  of  Great  Salt  Lake 
is  of  vegetal  origin.  It  is  due  to  certain  algie  having  the  power  to 
secrete  carbonate  of  lime.  When  the  grains  of  sand  are  dissolved  in 
weak  acid,  there  remain  the  dead  and  shriveled  bodies  of  such  alga>, 
and  in  the  lake  these  granules  are  usually  covered,  at  least  in  part,  with 


'Mod.  U.  S. GtK)l.  Survey,  Vol.  XI,  p.  168. 
»Ibid.,i).  61. 

3Botar.i8tlu'8   Ccntralblatt,  Nr.  35,  1892;  translated  by  F.  W.  Cragiu  in  Am.  C.eologist.  Nov.  1892, 
Vol  JT,  p.  270. 
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a  bluish-greeD  algae  masa.  In  Pyramid  Lake,  however,  no  snch  massea 
have  been  reported  in  connection  with  the  oolitic  saud«  and  the  evi- 
dence does  not  appear  to  indicate  that  it  is  of  vegetal  origin.  To  settle 
this  matter*  if  possible,  specimens  of  this  oolitic  sand  from  Pyramid 
Lake  were  referred  to  Prof.  W.  G.  Farlow,  of  Harvanl  College,  who 
reports  that  they  contain  '^nothing  like  Glcieocapsa  and  Glii'otbece.'' 
He  adds:  ^* I  find  no  trace  of  vegetable  structure  except  the  rare  occor* 
rence  of  Leptothrix-like  threads  broken  np  into  fragments.  These 
are  so  rare  and  so  imperfectly  shown  that  I  can  only  regard  tbem  as 
accidental  imparities,  coming,  perhaps,  from  the  outside.  Tliere  is 
nothing  like  the  mass  of  algae  found  in  the  Salt  Lake  material.^ 

No.  31.    Oolitic  Limestone. 

(From  Bedford,  Lawrknce  County,  Indiana.    Described  bv  J.  S.  Diller.) 

The  oolitic  limestone,  or  oolite,  fri>m  Beclfonl,  Indiana,  represented  by 
specimen  No.  31,  is  composed  chiefly  of  oolitic  gniins,  among  which  there 
is  great  variety  iu  form,  but  a  smaller  range  in  actual  size.  They  are 
generally  less  than  l"*"*  in  diameter,  and  can  not  be  studied  to  advan- 
tage without  a  microscope.  They  do  not  have  the  usual  concentric 
banding,  like  the  grains  of  siliceous  oolite  (No.  26)  and  oolitic  sand  (No. 
30),  and  are  much  more  irregular.  Discoidal  and  elongated  forms  pre- 
dominate, possibly  for  the  reason  that  under  their  conditions  of  growth 
the  environment  was  not  symmetrical  in  all  sei*tions,  and  development 
along  diff'erent  radii  proceeded  unequally.  Much  of  the  variation  in 
sbape,  however,  is  due  to  the  fact  that  the  grains  are  fragments  of  cornl, 
molluscan  shells,  worm  tubes,  and  numerous  other  more  or  less  rounded 
forms. 

Each  rounded  oolitic  grain  is  enveloped  by  a  coat  stained  more  or 
•  less  deeply  by  oxide  of  iron.  Many  of  these  grains  are  completely 
crystalline,  and,  all  parts  being  in  parallel  x)o$ition,  they  extinguish  at 
the  same  time  when  rotated  between  crossed  nieols.  Some  of  these 
grains,  as  shown  by  the  distribution  of  their  iron  oxide,  were  evidently 
once  organic,  and,  besides  being  optically  continuous  within,  they  are 
in  some  cases  continuous  upon  the  outside  with  the  clear  granular 
ealcite  of  the  matrix*  It  is  evident  that  such  grains  have  grown  by 
additions  of  ealcite  upon  the  outside,  in  just  the  same  manner  as  the 
.  quartz  has  grown  in  many  slightly  altered  sedimentary  rocks.*  The 
matrix  is  usually  more  crystalline  and  clearer  than  the  grains  which 
it  incloses,  and  is  often  optically  continuous  about  several  grains. 

Mr.  George  H.  Girty  has  examined  this  limestone  microscopically, 
and  furnishes  the  following  remarks  concerning  the  fossils  it  contains: 

Protozoa  are  very  aliuDdantly  represented  by  the  foraniiniferal  geoas  Endotliyra. 
Most  of  the  forms  observed  can  probably  be  referred  to  Endothyra  haileyi  Hall,  a  coin- 
mou  fossil  iu  the  St.  Louis  lunestone  of  the  Mississippiau  series.    A  trace  of  sponges 


*  See  deeoriptioike  of  Xo«.  IS  end  U%. 
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has  been  noticed,  and  corals,  belonging  chiefly  to  the  genuR  Zaphrentis,  occur  spar- 
ingly. Fragments  of  echinoderm  plates  and  spines  coustitate,  perhaps,  the  greater 
portion  of  the  organic  remains  of  this  rock.  Brachiopods  and  bryozoa  are  not  well 
represented,  and  the  articulates  are  represented  by  ostracods  and  trilobites. 

Ill  the  oolitic  sand  (specimen  No.  30)  of  Pyramid  Lake  there  are 
usually  a  few  shells  of  a  small  fresh- water  gastropod ;  but  in  the  oolite 
fi*om  Bedford,  Indiana,  the  organisms  of  various  kinds  are  marine  and 
so  abundant  as  to  indicate  a  rich  fauna.  This  commingling  of  fossils 
and  oolitic  grains  is  illustrated  in  the  formation  of  oolites  upon  the 
seashore  to-day.  Oolitic  sand  and  oolite,  as  shown  by  Dana,^  are  of 
common  occurrence  on  the  beaches  of  coral  islands.  Coral  rock  is 
broken  off  and  ground  up  to  calcareous  sand  by  the  force  of  the  waves 
that  break  against  the  coast.  These  sands,  worm  shells,  etc.,  are 
thrown  by  the  tides  and  waves  upon  the  beach.  The  water  of  such 
calcareous  shores  gets  much  carbonate  of  lime  in  solution,  and  as  the 
sand  dries,  after  the  tide  recedes,  the  dissolved  material  is  deposited, 
thus  forming  successive  coats  about  the  grains,  filling  the  spaces 
between  them,  and,  if  the  grains  are  not  frequently  moved,  ultimately 
cementing  them  together  to  form  oolite  or  pisolite,  according  to  the  size 
of  the  grains.  Dana  observed  that  such  <<  beach  deposits  consist  of 
regular  layers,  commonly  from  an  inch  to  a  foot  in  thickness,  and  arc 
generally  consolidated  up  to  a  line  a  little  above  high-tide  mark.  In 
all  instances  observed  the  layers  dip  at  an  angle  of  from  6^  to  8^  down 
the  beach.  The  dip  is  nothing  but  the  slope  of  the  beach  itself,  and 
arises  from  the  circumstance  that  the  sands  are  deposited  by  the 
incoming  waves  or  tides  on  such  a  sloping  surface." 

Such  deposits  are  forming  on  the  Florida  Keys.  Much  of  the  drift 
sand  of  that  I'egion  is  consolidated  into  true  oolite,  containing  numer- 
ous traces  of  organic  remains,  wholly  unlike  those  of  the  oolite  at  Bed- 
ford, Indiana. 

As  shown  by  Bothpletz  ^  and  Wethered,^  it  is  probable  that  algre 
and  other  low  forms  of  life  which  secrete  carbonate  of  lime  may  have 
contributed  much  in  the  formation  of  oolite.  The  fragments  of  coral 
and  other  grains  of  calcareous  sand  in  water  containing  much  carbonate 
of  lime  in  solution  would,  under  especially  favorable  conditions,  afford 
nuclei  for  the  growth  of  algae  and  girvanellae,  forms  which  are  known 
to  have  played  an  important  r61e  in  the  formation  of  certain  oolitic 
granules.  The  more  we  learn  of  sedimentary  rocks  precipitated  from 
solution  the  more  clearly  we  perceive  the  importance  of  the  work  of 
such  organisms  in  the  process. 

The  Bedford  oolitic  limestone  is  extensively  quarried  at  many  points 
in  a  belt  extending  southeast  from  Gosport  by  Bloomington,  Bedford, 
and  Salem  to  near  the  Ohio  River.  The  belt  has  a  length  of  about  90 
miles  and  an  irregular  breadth  averaging  nearly  5  miles.    The  rock 


im 
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varies  in  thickness  from  25  to  100  feet,  and  is  massive,  showing  only 
traces  here  and  there  of  stratification.  Upon  a  weathered  surface  these 
lines  are  more  distinct  and  cross  bedding  is  occasionally  visible.  The 
dip  is  gentle  toward  the  Mississippi  Valley.  Joints  are  common,  bat 
not  abundant,  and  the  water  thus  gaining  access  to  the  rock  mass  has 
in  places  given  rise  to  great  caverns.  Where  weathered,  the  limestone 
is  buft*  colored,  but  in  the  deeper  parts  of  the  quarries  it  is  blue.  The 
difference  in  color  is  thought  to  be  due  to  a  change  in  the  oxidation  of 
the  iron  and  the  loss  of  carbonaceous  matter  upon  exposure.  When 
first  taken  from  the  quarry  the  rock  is  soft  and  easily  carved,  but 
hardens  upon  exposure. 

Oolitic  limestones  of  great  extent  are  rare,  although  a  local  develop- 
ment of  oolitic  structure  in  extensive  limestones  is  not  uncommon.  Its 
formation  depends,  apparently,  upon  the  large  local  supply  of  carbo- 
nate of  lime  along  the  shore,  but  this  must  be  combined  with  mobility 
of  deposit  in  order  to  produce  spherical  deposition. 

On  account  of  the  abundance  of  oolite  at  a  certain  horizon  among 
the  rocks  of  the  Jurassic  system  in  Europe,  this  portion  of  the  system 
is  called  the  Oolite.  It  must  be  understood,  however,  that  as  a  name 
for  a  group  of  rocks  in  the  Jurassic  system  it  includes  many  other 
rocks  besides  oolite  properly  so  called. 

Oolite  is  generally  carbonate  of  lime,  but  occasionally  it  is  siliceous, 
as  in  specimen  No.  26,  or  ferruginous,  as  in  specimen  No.  62.  In  tbe 
second  case,  however,  the  oolitic  structure  was  originally  calcareous; 
and  it  is  possible,  but  not  probable,  that  the  same  was  true  in  the  first 
case.  Barely  oolite  is  made  of  pyrite.  Mr.  G.  P.  Merrill  has  an  excellent 
example  from  the  Black  Hills.  The  student  will  find  an  excellent  paper 
on  the  Bedford  oolitic  limestone  in  the  Twenty-first  Annual  Report  of 
the  Department  of  Geology  and  Natural  History  of  the  State  of  Indiana, 
for  1896,  pp.  291-427.    The  paper  includes  a  bibliography  of  oolites. 

No.  32.     LiMONITE. 
(Fbom  Lowmoor,  Alleghany  County,  Virginia.    Described  by  J.  8.  Diller.) 

Of  the  various  substances  accumulated  by  deposition  from  solution 
in  water,  limonite  is  among  the  most  common.  When  heated  before 
a  blowpipe  in  the  reducing  flame  it  becomes  magnetic  on  account  of  the 
iron  present.  In  composition  it  is  a  hydrated  oxide  of  iron,  expressed 
by  the  formula  2Fe2033H20.  Its  streak  is  usually  yellowish  brown, 
like  iron  rust,  which  is  practically  the  same  substance.  Another  name 
for  it  is  brown  hematite,  to  distinguish  it  from  red  hematite  (No.  121), 
which  has  a  red  streak  and  contains  no  water. 

The  simplest  form  of  limonite  is  represented  by  specimen  No.  32,  in 
which  it  occurs  as  a  stalactite.  Carbonate  of  lime  frequently  occurs  in 
the  form  of  well-developed  stalactites,  but  such  forms  of  limonite  are 
rare,  although  it  is  frequently  seen  in  small  shapes  which  are  somewhat 
stalactitic  or  botryoidal.  The  mode  of  occurr^wci^^  oT\^vck^^\A  '^Jv.^v^r.- 
tare  of  tbe  atalacUte  of  which  specimen  15o.  a^  \^  «bit^«oa«OL\»«t^Va.i 
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general  way  exactly  analogoas  to  those  of  specimen  Ko.  28,  which  is 
composed  of  carbonate  of  lime. 

The  stalactites  of  limonite  were  collected  by  Mr.G.  L.  Welch  from  the 
roof  of  a  limestone  cavern  witbin  a  mile  of  Lowmoor.  That  there  were 
some  stalactites  of  carbonate  of  lime  in  the  same  cavern  is  indicated 
by  the  fact  that  in  a  few  of  the  specimens  the  limonite  is  completely 
inclosed  by  calcite^  and  the  limonite  core  is  discovered  only  when  a 
cross  section  of  the  stalactite  is  examined. 

It  is  not  quite  correct  to  say  that  this  stalactite  is  limonite,  for  it  is 
in  some  cases  largely  carbonate  of  iron  (siderite),  and  a  few  of  the 
stalactites  in  the  series  are  coated  by  carbonate  of  lime,  like  specimen 
Ko.  28,  although  the  middle  portions  of  such  are  limonite  or  siderite. 

The  structure  of  specimen  Ko.  32  is  well  shown  at  the  ends.  The  brown 
concentric  layers  differ  in  texture;  some  are  very  compact  and  more  or 
less  waxy  or  dull,  while  others,  upon  a  fresh  fracture  showing  cleavage 
faces,  have  a  somewhat  vitreous  luster  when  seen  in  the  proper  posi- 
tion; still  other  bands  are  spongy  or  pulverulent.  Upon  applying  a 
drop  of  hydrochloric  acid  it  is  found  that  the  lustrous  layers  effervesce 
vigorously,  while  the  others  are  not  affected.  The  lustrous  layers  are 
siderite,  the  others  are  limonite.  By  a  study  of  the  soft  ocherous 
layers  it  is  found  that  the  limonite,  in  many  cases,  grades  into  the 
siderite  in  the  same  layer,  the  oxide  being  the  exposed  portion,  while 
the  carbonate  is  within,  where  not  so  exposed  to  the  influence  of 
atmospheric  agents.  This  relative  position  at  least  suggests,  if  in  fact 
it  does  not  demonstrate,  that  the  limonite  is  derived  from  the  car- 
bonate by  oxidation.  As  shown  by  T.  Sterry  Hunt^  this  change  is 
accompanied  by  a  considerable  loss  of  volume,  and  we  are  enabled  to 
understand  why  limonite  derived  from  the  carbonate  is  so  porous. 

The  compact  layers  of  limonite  which  usually  form  the  outer  coating 
of  the  stalactite,  and  occur  also  within,  sometimes  alternating  with  the 
layers  of  siderite,  do  not  appear  to  be  derived  from  the  carbonate. 
Their  structure  is  not  porous,  and  precludes  the  idea  that  they  were 
derived  directly  from  the  carbonate,  but  indicates  rather  that  the 
change  took  place  before  the  deposition.  It  is  possible  that  in  all  cases 
the  iron  may  have  been  in  solution  as  a  carbonate,  but  was  oxidized 
before  actual  deposition,  so  as  to  show  no  loss  of  volume. 

At  Lowmoor  there  are  large  deposits  of  limonite,  and  it  occurs  in  the 
form  of  an  extensive  bed,  averaging  15  feet  in  thickness.  It  is  of 
Devonian  age.  This  is  but  one  of  many  similar  examples  throughout 
the  Appalachian  region. 

The  conditions  necessary  to  the  accumulation  of  iron  upon  the  earth's 
surface  are  well  illustrated  in  many  places  to-day,  and  deserve  special 
consideration.  By  the  decomposition  of  rocks  containing  ferriferous 
minerals  the  iron  is  usually  liberated  in  the  form  of  ferric  oxide,  whicli, 
being  insoluble,  remains  behind,  coloring  the  residual  material  red- 


*  Mineral  Physiology  and  Pbyviography,  p.  262. 


DiLLBR.]  DESCRIPTIONS:    N.O.  33,  CLAYSTONE.  107 

dish.  To  render  it  soluble  it  must  be  reduced  to  a  ferrous  state,  and 
this  is  accomplished  by  acids,  chiefly  carbonic  acid,  resulting  from  the 
decomposition  of  vegetal  matter.  Ferrous  oxide  readily  combines 
with  carbonic  acid  to  form  carbonate  of  iron,  which  is  soluble  in  water, 
containing  an  excess  of  carbonic  acid,  and  it  is  thus  that  the  accumu- 
lation of  large  bodies  of  iron  is  rendered  possible. 

Ferrous  carbonate  when  exposed  to  pure  air  loses  carbonic  acid  and 
takes  oxygen,  thus  returning  to  the  insoluble  ferric  oxide.  This  reac- 
tion forms  a  precipitate  and  dejjosits  limonite.  The  process  is  illus- 
trated about  many  chalybeate  springs  where  the  reddish  ferric  oxide 
accumulates. 

The  precipitation  and  deposition  of  carbonate  of  iron,  such  as  that 
which  is  associated  with  the  limonite  in  specimen  No.  32,  could  not  take 
place  with  full  exposure  to  pure  air.  There  mnst  be  present  some 
reducing  agent — as,  for  example,  carbonic  acid — to  prevent  its  oxida- 
tion. As  shown  by  Le  Oonte,*  the  condition  most  favorable  for  its 
deposition  is  the  presence  of  a  large  amount  of  decomposing  organic 
matter — for  example,  a  peat  bog,  where  there  is  an  excess  of  carbonic 
acid.  This  subject  will  be  reverted  to  in  considering  fossiliferous  iron 
ore,  specimen  No.  52. 

Limonite  is  a  valuable  ore  of  iron,  and  when  pulverized  is  used  also  as 
a  polish  and  for  paint. 

No.  33.    Concretion  (calcareous).    (Claystone.) 

(From  Hartford,  Connecticut.    Described  by  J.  S.  Diller.) 

In  studying  the  oolitic  sand  (p.  102)  it  was  noted  that  each  grain  is 
essentially  a  concretion,  i.  e.,  it  is  nodular  in  shape  and  composed  of 
material  which  accumulated  by  systematic  additions  upon  the  outside. 
It  began  to  form  at  the  center,  and  gradually  grew  outward. 

Specimen  No.  33  is  a  concretion,  and,  like  the  grains  of  oolitic  sand, 
is  composed  of  carbonate  of  lime,  but  it  was  formed  under  very  different 
conditions.  On  account  of  its  composition  it  is  sometimes  called  a 
calcareous  concretion,  and  in  consideration  of  the  fact  that  it  occurs  in 
clays,  it  is  frequently  designated  claystone. 

It  was  obtained  from  the  bank  of  the  river  at  Hartford,  Connecticut, 
where  many  of  them  have  been  washed  out  of  the  adjoining  clay  bank. 
Their  mode  of  occurrence  at  other  localities  was  described  and  their 
great  variety  of  form  illustrated  as  early  as  1841,  by  President  Edward 
Hitchcock.* 

In  form  there  is  great  variety,  including  spherical,  discoidal,  annu- 
lated,  and  cylindrical.  Most  of  the  forms  represented  in  this  collection 
are  discoidal,  and  show  traces  of  the  planes  of  stratification  in  the  clay 
where  they  were  found. 


> Elements  of  Geologj,  p.  137. 

'Final  report  on  the  GeoJog.v  ot  MMBAchuaetto,  Yo\.  II,  pp.  4»n-\Vl,  p\«.  Vb^  W^'^>«sx^^%k. 
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The  Stratification  planes  are  marked  directly  throagh  the  claystones, 
and  they  have  their  greatest  extension  parallel  to  the  stratification, 
which  is  horizontal.  That  the  concretions  did  not  exist  at  the  time  the 
day  was  deposited,  bat  originated  in  place  later,  is  clearly  indicated  by 
their  mode  of  occurrence  and  structure.  The  lines  of  stratification  in 
both  clay  and  claystone  were  marked  out  by  differences  of  size,  color, 
or  composition  of  the  particles  at  the  time  the  clay  was  deposited.  At 
a  later  period  the  carbonate  of  lime,  of  which  the  greater  portion  of  the 
concretion  is  composed,  was  deposited  by  waters  circulating  through 
the  porous  layers  of  the  sandy  clays. 

Why  the  circulating  waters  bearing  calcic  carbonate  should  deposit 
it  in  such  shapes  is  not  always  clear,  but  it  appears  from  the  general 
form  that  the  precipitating  influence  must  have  emanated  from  the  cen- 
ter. Many  calcareous  concretions  contain  fossils,  and  the  decomposing 
organic  matter  furnished  the  surrounding  atmosphere  with  the  pre 
cipitant  that  developed  the  concretion  from  the  center  outward.  Tlie 
form  of  growth,  however,  is  determined  largely  by  the  relative  porosity 
of  the  various  layers.  The  greatest  development  takes  place  along  the 
most  porons  layers,  where  precipitation  is  most  free.  As  the  concretion 
grows,  it  loses  organic  matter  at  the  center,  and  this  process  may  be 
carried  on  until  the  latter  has  entirely  disappeared  in  such  a  way  as 
not  to  preserve  its  original  form.  ]^o  record  of  the  fossil  will  remain. 
Many  concretions  have  no  visible  traces  of  organic  matter,  and  its 
absence  may  be  explained  in  this  manner. 

Excepting  the  conditions  which  mark  the  planes  of  stratification, 
claystones  are  often  homogeneous  throughout,  but  in  other  cases  they 
possess  concentric  banding  like  that  so  well  shown  in  the  siliceous  oolite, 
specimen  No.  26. 

For  further  information  on  the  subject  of  claystones,  the  student  is 
referred  to  Monograph  XXIX,  United  States  Geological  Survey,  by 
Prof.  B.  K.  Emerson,  where  he  will  find  the  matter  discussed  under  the 
heading  "Concretions." 

Ko.  34.    Concretion  (ferruginous,  containing  a  fossil). 

(From  Mazox  Creek,  Grundy  County,  Illinois.    Described  by  J.  S.  Diller.) 

The  rocks  along  Mazon  Creek,  Grundy  County,  Illinois,  from  which 
specimen  No.  34  was  collected,  according  to  Mr.  Frank  H.  Bradley,*  con- 
sist of  very  sandy  clay  shales  and  sandstones,  in  some  places  becoming 
nearly  pure  clay  shales  with  many  fossiliferous  nodules  of  carbonate  of 
iron.  These  nodules  contain  many  species  of  ferns,  as  well  as  numerous 
fossil  insects,  occasional  crustaceans,  fish  scales,  and  shells  of  mollusks. 
It  appears  that  in  this  case  most,  if  not  all,  the  concretions  have 
organic  nuclei,  and  in  this  respect  they  are  strongly  contrasted  with 
the  claystones  of  Hartford.    It  should  be  remembered,  however,  that 

K  '  GeoJ.  Survey  of  lUinois,  VoL  IV,  p.  IW. 
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in  the  shales  of  Mazon  Creek  there  are  numerous  fossils,  but  in  the 
clays  of  Hartfoid  fossils  are  rare  or  entirely  absent. 

The  ferruginous  sandy  shale,  which  contains  the  concretions  (speci- 
men No.  34)  irregularly  scattered  through  it,  is  25  feet  in  thickness  and 
overlies  the  main  c^al  bed  of  that  region. 

In  form  and  size  the  concretions  vary  according  to  the  inclosed 
organism.  A  small  fern  leaflet  may  be  contained  in  a  concretion  less 
than  an  inch  in  diameter,  while  another  concretion,  inclosing  a  piece  of 
calamite,  may  be  a  foot  in  diameter.  Generally,  however,  the  concre- 
tions are  flattened  in  one  direction  and  elongated  oval  in  another. 

As  with  the  calcareous  concretions,  the  plane  of  greatest  extension 
is  the  plane  of  stratification.  Traces  of  stratification  may  be  seen  in 
the  banding  or  shaly  structure  of  the  concretion. 

The  fossil  vegetal  fragments  contained  in  these  concretions  have  been 
studied,  described,  and  figured  by  Leo  Lesquereux,^  who  remarks:'^ 

Peculiar  species  of  plants  and  animals  or  their  fragments  seem  to  have  been 
selected,  as  the  nuclei  of  the  nodules.  They  contain,  for  example,  an  abundance  of 
leaflets  of  various  species  of  Neuropteris  .  .  .  which  are  cither  rare  or  have  not  yet 
been  found  in  tho  shale  at  Morris,  while  these  shales  are  rich  in  [other]  remains 
scarcely  or  not  at  all  preserved  in  the  concretions. 

He  States  further:^ 

llie  pinuic  or  leaflets  of  ferns  are  always  found  in  them  in  a  flaHenud  position, 
their  axis  or  rachis  extending  through  the  center  of  the  elongated  nodule,  with  the 
divisions  on  both  sides;  the  surface  of  the  pinnules,  slightly  swollen,  as  when  in 
their  living  state,  is  marked  by  recognizable  hairs  or  fruit  dots,  with  distinct  veins 
and  veinlets,  and  their  appendages,  like  the  scales,  are  seen  in  the  various  modifica- 
tions which  they  present  in  living  specimens;  for  example,  long,  straight,  flat, 
diverging,  or  primary  rachis,  and  becoming  shorter,  ruflled  and  curled  on  their 
upper  divisions.  The  small  organs  of  plants  appear,  therefore,  in  a  better  state  of 
preservation  than  in  the  shales.  With  small  animals  like  crustaceans,  scorpions, 
insects  of  a  fleshy  and  very  delicate  texture,  the  preservation  qf  form  is  still  more 
remarkable.  They  are  found  entombed  in  the  middle  of  the  nodules  just  as  if  they 
were  in  life,  or  as  if  they  had  been  transformed  into  stone  while  still  living.  The 
fruits  or  nutlets  are  not  flattened.  By  the  section  of  the  nodules,  which  generally 
break  into  two  equal  halves  by  hard  strokes  on  their  edges,  the  middle  and  internal 
part  of  the  fruit  is  exposed  to  view,  while  the  outside  surface  is  immersed  in  the 
stone.  The  numerous  cones  also  of  Lepidodendron  found  in  these  concretions  are 
equally  well  preserved,  either  in  whole  or  in  part,  by  horizontal  cross  sections.  Some 
specimens  not  only  show  distinctly  the  pedicels  of  the  sporanges  and  the  blades  in 
their  natural  position,  but  even  sporanges  with  their  seeds  have  been  found  in 
them,  without  perceptible  alteration.  In  the  cross  section  of  these  Lepidostrobi 
the  sporange  cells  form  a  central  row,  which  is  surrounded  by  the  blades  in  the 
form  of  a  star. 

Aside  from  the  inclosed  organism,  part  of  whose  carbon  usually 
remains  in  the  fossil,  the  concretion  is  composed  chiefly  of  carbonate  of 
iron.  When  dissolved  in  dilute  hydrochloric  acid,  upon  the  addition  of 
ammonia  the  solution  becomes  at  first  greenish,  then  reddish,  precipi- 
tating an  abundance  of  ferric  oxide.    There  is  but  little  calcium  and 


•  Geo].  Snrrey  of  lUinoiB,  Vol.  IV,  pp.  375  -608,  and  numerous  plates. 

>Op.dt.,pp.4S2-483. 

•Ibid.,  p.  182, 
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magnesium  in  the  solation,  and  it  m  evident  that  the  iron,  being  in  the 
ferrous  state,  as  shown  by  the  greenish  color  of  the  solution,  is  pres- 
ent in  the  nodule  in  the  form  of  a  carbonate.  The  presence  of  the  iron 
is  most  simply  shown  by  the  fact  that  a  small  fragment  of  the  concre- 
tion heated  in  the  reducing  flame  becomes  magnetic.  It  is  interesting  to 
note  this  occurrence  of  carbonate  of  iron  in  connection  with  organisms 
where  carbonic  acid  was  probably  present  to  prevent  the  oxidation  of 
the  iron  at  the  time  of  deposition.^ 

No,  35.     OONCBETION  (MABCASITE). 

(From  Tuatcher,  Las  Animas  County,  Colorado.    Described  by  J.  S.  Diller.) 

These  concretions  of  marcasite  were  obtained,  according  to  Mr.  G.  K, 
Gilbert,*  from  the  lower  layers  of  the  limestone  at  the  base  of  the  Timpas 
formation.^  The  limestone  has  a  light-gray  color,  which  becomes 
creamy  white  on  weathered  surfaces.  It  is  compact  and  fine  grained, 
and  in  the  eastern  portion  of  the  district  its  texture  becomes  somewhat 
coarser,  its  color  paler,  and  the  fractured  surface  resembles  chalk. 

As  tlie  limestoDe  is  broken  up  and  removed  by  the  action  of  the  weather,  the  more 
resistant  nodules  are  freed  from  the  matrix,  so  as  to  lie  loose  on  the  nurface.  They 
are  of  a  dark-brown  color,  and  of  oval  or  cylindrical  fonn,  with  a  diameter  of  about 
half  an  inch.  Their  surfaces  are  not  even,  but  arc  set  with  angular  projections,  the 
ends  of  crystals.^ 

In  PI.  XX,  taken  from  Gilbert's  report,  the  variation  in  form  aud 
size  of  the  nodules  is  illustrated  upon  the  natural  scale. 

That  the  crystals  referred  to  above  are  marcasite  is  known  by  their 
form  in  connection  with  the  fact  that,  when  pulverized  and  heated  in  a 
closed  tube,  they  yield  a  sulphurous  odor  and  become  magnetic,  thus 
indicating  that  they  are  composed  of  sulphur  and  iron.  From  the  shape 
of  the  projecting  crystals  it  appears  that  their  axes,  although  at  right 
angles,  are  of  unequal  length,  thus  showing  that  the  mineral  is  mar- 
casite and  not  pyrite,  which  has  nearly  the  same  color  and  composition 
but  diii'ers  in  form  of  crystallization. 

The  structure  of  the  concretion  is  radial  and  connected  directly  with 
the  arrangement  of  the  pointed  crystals  upon  its  surface.  Although 
all  the  concretions  are  rusty  brown  outside,  when  broken  open  some  of 
them  are  found  to  be  brass-yellow  within,  and  the  radial  structure  dis- 
tinct. In  most  of  the  nodules,  however,  the  marcasite  has  completely 
chaDged  to  limonite,  and  the  structure  is  not  well  marked.  No  nuclei 
were  observed. 

The  chemical  composition  of  marcasite  is  sulphur  53.4,  iron  46.0, 
represented  by  the  formula  FeS2.  When  exposed  to  the  air,  it  usually 
decomposes,  forming  limonite,  which  at  first  only  coats  the  nodules  but 

1  See  also  description  of  Limonite,  specimen  No.  32,  and  Fossiliforous  Iron  Ore,  specimen  No.  52. 

'The  underground  water  of  the  Arkansas  Valley  in  eastern  Colorado:  Seventeenth  Ann.  Kept. 
JLB*  Geol.  Survey,  Part  II,  1896,  p.  566. 

^H^  Titapaa  formation  la  the  apper  portion  of  the  Niobrara  (Cretaceous)  group  of  that  region. 
«*,  op.  oit.,  p.  696, 
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in  time  completely  replaces  the  marcasite.  When  the  replacement  is 
complete  the  crystals  are  pseadomorphs  of  limonite  after  marcasite. 
In  the  process  of  decomposition  sulphuric  acid  is  set  free  and  inay 
attack  the  surronnding  minerals,  thns  contributing  to  the  effects  of 
weathering.  Sulphate  of  iron  is  frequently  formed,  and  the  nodules 
fall  to  pieces.  This  is  especially  likely  to  be  the  case  if  the  air  is  damp. 
The  nodules  found  loose  upon  the  weathered  surface  of  the  limestone 
are  chiefly  limonite,  but  according  to  Mr.  G.  W.  Stose,  who  collected 
some  of  the  specimens,  those  found  flrmly  embedded  beneath  the  sur- 
face of  the  limestone  are  marcasite,  and  when  broken  exhibit  the  radial 
structure  much  better  than  those  changed  to  limonite. 

In  the  case  of  the  concretions  Nos.  33  and  34  of  this  series,  it  is  evi- 
dent that  they  were  formed  after  the  deposition  of  the  argillaceous 
strata  in  which  they  are  contained;  but  the  concretions  of  marcasite 
from  the  Timpas  limestone  do  not  indicate  so  clearly  their  origin.  In 
some  other  cases,  however,  fossils  which  were  originally  calcareous  are 
found  completely  replaced  by  marcasite  or  pyrite.  Such  replacements 
were  not  found  in  the  strata  from  which  specimen  No.  35  was  collected. 

Nodules  of  marcasite  or  pyrite  are  perhaps  most  frequently  found 
in  limestone,  but  they  are  of  common  occurrence  also  in  shales  and 
sandstones.^ 

No.  36.    Geode. 

» 

(From  Warsaw,  Hancock  County,  Illinois.    Described  by  J.  S.  Diller.) 

Geodes,  like  concretions,  are  nodules,  but  differ  widely  in  their  mode 
of  growth.  A  concretion  begins  at  the  center  and  increases  in  size  by 
additions  u])on  the  outside.  On  the  otlier  hand,  a  geode  begins  upon 
the  outside  as  the  lining  of  a  cavity,  and  grows  by  successive  additions 
upon  the  inside  of  the  cavity.  As  in  specimen  No.  36,  the  cavity  is 
usually  well  studded  with  crystals. 

The  geodes  at  Warsaw  are  contained  in  a  bed  of  the  Keokuk  group, 
of  lower  Carboniferous  age,  and  it  has  been  said  that  there  is  no  other 
locality  known*  in  the  West  where  a  few  hours  of  labor  of  a  good  col- 
lector will  be  rewarded  by  so  large  a  variety  of  finely  crystallized  speci- 
mens. The  occurrence  of  these  geodes  in  the  field  has  been  studied  by 
Mr.  A.  H.  Worthen,^  and  their  structure  and  mineralogic  comi>osition 
have  been  described  by  Prof.  George  H.  Brush.'* 

Mr.  Worthen  says: 

The  geodes  occur  disseminated  throngh  the  shale  and  shaly  limostoDe,  sometimes 
BO  thickly  dispersed  through  it  that  the  individuals  press  against  each  other  as  they 
lie  embedded  in  the  matrix;  and  again,  are  so  sparsely  disseminated  that  several 
cubic  feet  of  the  shale  will  afford  not  more  than  a  single  specimen.  They  are  jnost 
abundant  at  Warsaw,  in  the  lower  part  of  the  bed,  which  also  affords  nearly  all  the 
large-sized  individuals.    The  general  form  of  those  tilled  with  siliceous  minerals  is 


>  The  formation  of  sandstono  concretions,  by  G.  P.  Merrill:  Proo.  Nat.  Mna.,  Vol.  XVII,  p.  87. 

*  Geol.  Survey  of  Illinois.  Vol.  I,  pp.  89-98. 

*  Op.  cit.,  pp.  90-98. 
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globular,  and  many  of  them  are  solid  spheres  of  qnartz,  the  interior  of  which  is 
generally  crystalline,  with  a  thin  crust  of  chalcedony  coating  the  exterior  surface. 
Through  the  middle  of  the  geodo  beds  there  is  a  band  of  shale,  which,  at  Warsaw, 
is  from  8  to  10  feet  thick,  in  which  nearly  all  the  geodes  are  lined  with  calcareous 
minerals,  and  these  present  less  regularity  of  form  than  those  lined  with  quartz. 
Many  of  them  are  flat  disks,  nearly  or  quite  solid,  but  always  containing  calcite, 
and  frequently  fine  crystals  of  blende. 

Mr.  Worthen  states  also  that  in  Hancock  County  a  siliceons  geode 
was  fonnd  filled  with  liquid  bitamen,  and  at  St.  Francisville,  Missoari, 
others  were  observed  to  be  partially  filled  with  clear  water. 

The  collection  of  thirty-three  geodes  studied  by  Professor  Brush  was 
si)ecially  selected,  and  his  report  describes  the  variations.  The  geodes 
of  this  series  of  rock  specimens,  although  generally  quite  uniform,  are 
somewhat  varied,  as  were  those  described  by  Professor  Brush,  from 
whose  report  the  following  is  quoted : 

You  will  observe  that,  in  every  case  I  have  examined,  the  outer  layer  of  the  geode 
is  siliceous  and  is  of  that  form  of  silica  which  is  called  chalcedony,  although  some- 
times this  outer  siliceous  rim  is  extremely  thin.  The  next  in  the  order  of  superposi- 
tion is  crystalline  quartz.  In  every  geode  which  contains  crystalline  quartz  this  rests 
directly  on  the  chalcedony.  In  some  instances  a  second  layer  of  chalcedony  rests 
on  the  quartz  crystals  (Nos.  11,  14,  and  22),  and  in  one  instance  a  second  series  of 
quartz  crystals  rests  on  the  second  layer  of  chalcedony.  Calcite  occurs  in  greafc 
beauty  and  variety  of  form,  sometimes  resting  directly  on  the  chalccdonic  crust, 
and  sometimes  resting  on  the  lining  of  quartz.  In  no  instance  where  calcite  and 
quartz  occur  in  the  same  geode  have  I  found  the  quartz  resting  on  calcite ;  they  all 
indicate  that  the  calcite  is  subsequent  in  formation  to  the  quartz.  The  calcite 
crystals  are  worthy  of  special  crystal lographic  study. 

The  occurrence  of  pyrites  shows  that  in  some  cases  its  formation  was  simultaneous 
with  that  of  calcite,  while  in  other  instances  it  was  apparently  subsequent  to  it. 
The  elongated  crystals  of  tarnished  pyrites  are  quite  remarkable  and  might  easily 
be  confounded  with  rutile;  but  they  show  a  yellow  color  and  a  cross  fracture,  and 
a  blowpipe  examination  reveals  their  real  character. 

Blende  seems  to  have  been  simultaneous  in  formation  with  the  calcareous  layer  of 
the  geodes  in  which  it  occurs,  for  in  two  instances  I  have  observed  it  embedded  in 
the  calcareous  layer  without  resting  on  the  chalcedonic  base. 

Oypeum,  observed  in  minute  crystals  in  only  two  instances,  is  subsequent  in  for- 
mation to  the  second  layer  of  chalcedony  in  the  geodes  in  which  it  occurs.  Pearl- 
spar ,  dolomite,  or  hroton-spar,  as  it  might  very  appropriately  bo  called,  occurs  in 
several  geodes,  and  is  almost  always  of  subsequent  formation  to  the  calcite.  In  a 
few  instances,  however,  calcite  crystals  appear  resting  on  a  dolomite  base,  and  this 
leads  me  to  call  attention  to  the  occurrence  of  calcite  of  at  least  two  distinct  periods 
of  formation,  as  shown  by  the  form  and  color  of  the  crystals  (Nos.  20  and  21).  The 
dolomite  in  the  geodes  seems  to  be  peculiarly  liable  to  decomposition  by  the 
oxidation  of  the  iron.  An  analysis  of  it  shows  it  to  contain  a  large  percentage  of 
carbonat-e  of  iron  with  the  carbonates  of  lime  and  magnesia. 

Aragonite  was  found  in  but  one  instance,  and  then  resting  on  dolomite.  Geode  No. 
32  contained  a  considerable  amouut  of  a  loose  white  powder,  which,  on  chemical 
examination,  proved  to  be  a  hydrous  silicate  of  alumina;  and  it  is  exceedingly 
curious  that  the  crystals  of  calcite  in  what  must  have  been  the  lower  part  of  the 
cavity,  contain,  disseminated  through  them,  this  same  silicate,  as,  upon  solution  in 
acid,  they  leave  behind  an  insoluble  white  powder,  similar  in  character  to  that 
found  loose  in  the  geode.  Moreover,  the  crystals  differ  in  form  from  those  lining  the 
w  portion  of  the  cavity. 
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Geode  No.  4  is  one  of  the  most  interestiDg  of  the  snite,  being  almost  tilled  with 
asphaltam,  and  having  isolated  quartz  orystals  embedded  in  the  asphaltum. 

The  geodes  in  this  series  are  composed  of  a  thiii  crust  of  chalcedony, 
bere  and  there  showing  indistinct  banding  parallel  to  the  surface  of  the 
geode.  Inside  of  the  chalcedony  is  a  thick  layer  of  crystalline  quartz 
with  granular  or  radial  structure  about  the  inclosed  cavity,  which  is 
bristling  with  the  pyramidal  points  of  quartz  crystals.  Superimposed 
upon  the  faces  of  the  quartz  crystals,  here  and  there  in  some  of  the 
geodes,  are  a  few  crystals  of  dolomite,  calcite,  pyrite,  or  other  minerals, 
but  they  form  a  very  subordinate  portion  of  the  whole  mass. 

That  geodes  originate  in  cavities  there  can  be  no  question,  but  the 
way  in  which  the  cavity  was  produced  is  often  a  matter  of  doubt.  The 
.form  of  the  geode  is  in  some  cases  conclusive  evidence  that  the  cavity 
was  produced  by  dissolving  and  removing  a  shell  or  other  fossil.  The 
shape  of  the  geodes  in  this  series  does  not  clearly  indicate  any  organisni, 
but  it  has  been  suggested  that  the  geodes  of  the  Keokuk  limestone  of 
Iowa  and  Illinois  (including  those  of  Warsaw)  *' occupy  the  centers  of 
si>onges  that  were  at  some  time  hollowed  out  by  siliceous  solutions,  like 
the  hollowed  corals  of  Florida,  and  then  lined  with  crystals  by  deposi- 
tions from  the  same  or  some  other  mineral  solution.''  ^ 

Among  the  most  interesting  geodes  are  those  occasionally  found  in 
fossiliferous  shales,  as  at  Yaquina  Bay,  on  the  coast  of  Oregon,  where, 
after  the  calcareous  shells  are  removed,  leaving  a  cavity,  the  mold  is 
filled  with  translucent  quartz  by  successive  additions  upon  the  walls 
of  the  cavity.  In  most  cases  the  cavities  are  completely  filled,  but  in 
others  the  cavity  is  only  partially  tilled  with  quartz,  the  remaining 
portion  containing  water  with  a  movable  bubble,  whose  motion  may  be 
observed  through,  the  translucent  quartz. 

Similar  small  geodes  are  occasionally  found  in  amygdaloids,  where 
the  original  vesicles  in  the  lava  are  not  completely  filled.  The  same 
term  is  also  applied  to  crystal-lined  cavities  in  veins,  without  reference 
to  their  form. 

No.  37.    SiLiciFiED  Wood. 

(From  Oalijitin  Basin,  Gallatin  County,  Montana.      Described  by  J.   S. 

DiLLER.) 

The  occurrence  of  silicified  wood  is  illustrated  in  PL  XXI,  prepared 
from  a  photograph  taken  by  Prof.  J.  P.  Iddings  upon  the  slopes  of 
the  Lamar  Biver.  The  trunks  of  the  two  trees  are  shown  standing 
erect  where  they  grew.  They  were  buried  by  the  accumulation  of  sand 
and  gravel  of  an  ancient  geologic  flood,  which  gave  birth  to  the  Tertiary 
conglomerate.  At  the  time  of  their  burial  they  were  not  silicified,  but, 
while  under  the  ground,  the  circulating  siliceous  waters  eii'ected  a  com- 
plete change  in  their  composition.  The  wood  was  removed  particle  by 
particle^  and  in  the  position  of  each  was  placed  a  particle  of  silica,  so 
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that  ultimately  tbe  ^ood  wa,»  nil  removed  and  tliu  whole  trunk  was 
completely  changed  to  silica;  yet  tlie  replacement  occurred  in  auch  a 
way  as  to  preserve  with  wonderful  detail,  not  only  the  remarkable  cellu- 
lar structure  of  the  origitial  wood,  but  also  the  i)eculiar  markings  upon 
the  walls  of  the  cells.  Thin  sectiouB  have  been  made  of  specimen  No.  37, 
andflg.l"  shows  its  cellular  structure,  as  seen  under  a  microscope.  The 
cells  of  the  wood  iire  filled  with  silica,  slightly  different  in  appearance 
from  that  which  replaces  the  vegetal  matter,  and  it  is  this  ditTerenco 
that  marks  the  cellular  structure  so  distinctly.  It  has  been  studied  by 
Mr.  V.  H.  Rnowlton,  who  describes  it  as  follows: 

PilgoisloB pralti. — Annual  rin^  very  pronounced,  2.10"""  broad;  oclls  of  Hiininier 
wood  large,  Ihin-nallpd ;  oella  of  fnll  wood  thick,  lunch  conipreaaeii ;  cells  of  atim- 
mer  wood  will]  a  aingle  Beri«a  of  large,  scattered  pnnctntioDs;  medullary  raya  in  a 
single  serirB  of  two  In  alioiit  twenty  long  culls,  marked  radially  with  onp  to  three 
small-boTdered  pits  in  the  width  of  ekcli  wood  cell ;  reain  tubes  nither  nnnierous,  of 

The  fossil  wood  contains  in  places  much  amorphous  silica,  but  at 
other  jtlaces  is  generally  cryptocrystalline,  with  here  aiul  there  small 
radial  fibrous  groups  with  negative  optical  properties, 
indicating  that  it  is  chalcedony. 

The  special  lesson  to  be  learned  from  this  specimen 
is  the  excellent  example  it  affords  of  the  replacement 
by  substitution  of  one  substance  for  another,  in  con- 
nection with  fossili/ation  by  casting. 

The  double  character  of  the  process  may  be  illus- 
trated by  an  experiment.  If  wood  be  repeatedly  . 
FioiiT-^sorBiifoi-  soaked  in  a  solution  of  sulphate  of  iron  until  its  cells 
del »-™i  Ba BH-ii im-  are  filled,  and  then  burned,  its  structure  will  be  pre- 
*"""'"*™''"'  served  in  the  remaining  ferric  oxide  in  tbe  form  of  a 
cast.  The  place  formerly  occupied  by  the  wood  will  be  vacant.  In 
silicifled  woo<I,  however,  there  is  the  cast  of  silica,  as  before,  and  also 
tbe  replacing  sibca  which  occupies  the  position  of  the  organic  matter. 
Such  perfect  replacement  by  silica  may  occur  also  in  the  animal  king- 
dom. The  internal  structure  of  a  spirifer,  as  well  as  tbe  delicate  parts 
of  other  mollusks,  may  be  replaced  aud  preserved  iu  the  greatest  detail 
by  silica. 

Silicified  wood  is  of  common  occurrence  in  many  of  tbe  sandstones 
and  conglomerates  of  all  ages,  especially  in  those  later  tlian  the  Juras- 
sic. These  rocks  usually  contain  much  quartz,  and,  being  porous, 
afford  special  facilities  for  the  circulation  of  underground  waters, 
through  whose  agency  the  siliciflcatioii  of  the  wood  is  effected. 

No.  38.    SiLiL'iFiBD  Shell, 


(From  Chaklestown,  Clauk  County,  Indiana.     I'esckiuhi)  by  J.  S.  Dili.kr.) 

This  shell,  Spiri/er  oireni,  is  one  of  the  Devonian  forms  found  in  the 

Jydr.iulic  limestone,  or  cement  stone,  which  extends  northeastward  from 

Ijouisville,  Kentacky,  to  Oharlestown,  Indiana.     The  shell  was  origi- 
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Daily  carbonate  of  lime,  but  is  now  quartz,  the  carbonate  of  lime  having 
been  removed  and  the  silica  deposited  in  its  place.  This  has  been  done 
in  such  a  way  as  completely  to  preserve  the  external  form  of  the  shell, 
but  the  internal  structure  is  lost.  It  appears  that  a  perfect  impression 
of  this  shell  was  made  in  the  material  by  which  it  was  inclosed  at  the 
time  the  rock  was  formed.  The  shell  was  then  removed  by  solution  in 
the  water  circulating  in  the  rocks,  thus  leaving  a  mold  which  was 
afterwards  fillc^d  with  silica,  producing  a  cast.  The  method  of  fossiliza- 
tion  by  molds  and  casts  is  common  and  of  much  importance  in  the 
geological  record.  Molds  of  shells  are  perhaps  more  frequently  seen  in 
the  Oriskany  sandstone  than  in  any  other  formation. 

Casts  may  be  of  other  substances  than  silica,  and  when  of  a  compar- 
atively stable  substance,  like  oxide  of  iron,  the  fossil  may  be  preserved 
although  the  rock  inclosing  it  may  undergo  great  change.  One  of  the 
most  striking  examples  of  this  kind  is  in  a  mica-schist  of  Scandinavia, 
where  the  original  sediment  was  so  metamorphosed  as  to  have  been 
completely  crystallized,  and  yet  the  forms  of  large  trilobites  it  contains 
are  perfectly  preserved  in  the  casts  of  oxide  of  iron. 

There  are  three  principal  types  of  fossilization  illustrated  by  speci- 
mens in  this  series.  In  the  first  type,  represented  by  specimen  No.  6, 
the  organism  is  simply  buried  and  remains  wholly  or  partly  unchanged; 
in  the  second  type,  represented  by  specimen  No.  38,  the  organism  has 
been  completely  removed  nnd  its  mold  or  cast  preserves  its  external  form 
only;  in  the  third  type,  represented  by  specimen  No.  37,  the  organism 
is  completely  removed  and  rei)laced  by  mineral  matter  in  such  a  way  as 
to  preserve  not  only  the  external  form  but  also  its  delicate  internal 
structure. 

UNALTERED  SEDIMENTARY  ROCKS  OF  ORGANIC  ORIGIN. 

No.  39.    Chalk. 

(From  White  Cliffs  of  Little  River,  Sevier  County,  Arkansas.    Described 

BY  J.  S.  Diller.) 

Of  the  various  rocks  deposited  by  water,  limestone  is  among  the 
most  important.  It  is  composed  essentially  of  either  carbonate  of  lime 
or  carbonate  of  magnesia,  or  both.  Its  various  forms  are  quite  fully 
illustrated  in  this  series  by  the  following  specimens:  Chalk  (No.  39), 
Tatellina  limestone  (No.  40),  coquina  (No.  42),  shell  limestone  (No.  43), 
cherty  limestone  (No.  44),  compact  limestone  (No.  46),  lithographic  lime- 
stone (No.  47),  hydraulic  limestone  or  cement  rock  (No.  48),  amorphous 
niarl  (No.  4i)),  and  shell  marl  (No.  50)  among  the  unaltered  rocks,  and 
crystalline  limestone  (No.  115),  marble  (No.  116),  and  dolomite  (No.  117) 
among  the  metamorphic  rocks. 

Chiilk  is  a  white  earthy  limestone  which  is  so  soft  as  to  be  easily 
marked  by  the  finger  nail,  and  is  composed  of  fine  calcareous  sediment 
derived  chiefly  from  the  shells  of  foraminifera.  When  pure,  its  chemi- 
cal composition  is  almost  wholly  carbonate  o(  Mme. 
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Although  well  known  for  centuries  in  England,  its  occurrence  among 
the  rocks  of  the  United  States  was  not  appreciated  fully  until  1887/ 
when  it  was  described  by  Mr.  B.  T.  Hill,  who  has  shown  ^  that  there 
are  several  distinct  beds  of  this  material,  having  wide  vertical  and 
areal  distribution,  in  the  Cretaceous  rocks  of  Texas  and  neighboring 
States.  The  specimens  for  this  series,  which  are  a  little  harder  and 
less  porous  than  typical  chalk,  were  collected  from  the  uppermost  of 
the  various  chalk  beds  of  the  Texan  region  at  White  Cliffs,  on  Little 
Kiver,  in  Arkansas,  where,  according  to  Mr.  Hill,  a  great  bed  of  the 
purest  whit«  chalk  occurs  in  section  35,  T.  11  S.,  B.  29  W.    He  says: 

These  cliffs  have  long  been  a  landmark  of  the  region,  are  abont  150  feet  in  height, 
perpendicular,  and  as  white  and  almost  as  pure  as  the  celebrated  chalk  cliifs  of 
Dover,  England.  Their  remoteness  from  the  lines  of  travel  is  the  probable  explana- 
tion of  their  having  so  long  been  overlooked  by  American  geologists. 

The  chalk  of  these  cliffs  scales  off  rapidly  in  great  con- 
choidal  flakes,  and  owing  to  the  irregularity  of  this 
process,  its  face,  instead  of  being  a  continuous  plane,  is 
composed  of  many  acute  and  reentrant  angles,  resem- 
bling the  bastions  of  a  fortress.  The  summit  of  the  cliff 
is  covered  with  gravel,  but,  measuring  from  the  top  of  the 
hill  a  short  distance  from  the  margin,  the  present  thick- 

■Dw    ,o     1^1  1 1    -*     /    v^^AAx     Dess  of  this  chalk  is  found  to  be  about  135  feet  from  the 
Pxo.l3.-Globigerina(a,Xl00)  4.  *    xu     i.  ^        a     ^   *       :*      o^i.-      u  11   v  1 

andTextul«riA(6,  xi40)froin     8«nmMt  to  the  bed  underlying  it.    This  chalk  has  a  low 

the  chalk  of  White  CUffs, ,   southeastern  dip. 

Texas.  The  regularity  of  this  bed  throughout  its  exposure — 

about  one-fourth  of  a  mile — and  its  reappearance  a  few 
miles  to  the  east  and  across  the  Saline  watershed  shows  that  it  is  not  a  local  1>ed, 
but  the  remnant  of  a  great  and  extensive  horizon,  worn  away  by  the  denudation 
through  Tertiary  and  Quaternary  times  of  the  deposits  of  the  Red  River  embayment. 

In  the  large  fragments  from  which  specimen  No.  39  was  prepared 
fossils  were  rather  common  and  conspicuous,  although  but  few  traces  of 
them  can  be  seen  in  the  hand  specimen.  Gamptonectes,  Inoceramus, 
Baculites,  and  Ananchytes  ovalis  are  the  fossils  reported  by  Hill  from 
this  bed,  but  it  appears  that  generally  <*the  chalk  is  almost  free  from 
fossils."  This  statement,  however,  refers  only  to  fossils  which  can  be 
seen  by  the  unaided  eye,  for  if  properly  prepared  and  examined  under 
the  microscope  the  chalk  is  found  to  be  composed  almost  wholly  of 
material  derived  from  the  shells  of  minute  organisms.  Some  of  the 
shells  are  complete,  more  are  broken,  but  most  are  reduced  to  a  fine 
powder.  In  fig.  13  are  represented  two  of  the  most  common  forms 
which  occur  in  specimen  No.  39.  These  have  been  studied  by  Mr. 
George  H.  Girty,  who  reports  as  follows: 

The  chalk  sections  which  1  have  examined  seem  to  be  scantily  supplied  with 
recognizable  organic  fragments.  The  latter  consist  of  foraminifera,  with  an  occa- 
sioual  coccolith.  The  foraminifera  can  be  referred  to  the  genera  Globigerina  and 
Textularia,  of  which  the  former  seems  much  more  common. 


>  Am.  Jour.  Sci.,  3d  series,  Vol.  XXXIV,  1887,  p.  308. 

'Ann.  Rept.  GreoL  Survey  Arkansas  for  1888,  vol.  2,  pp.  87  and  88. 
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The  chemical  aaalysU '  of  the  chalk  from  White  Cliffs  is  as  follows 

A»alyiii  of  cftalt/rvm  White  Clifft,  Sevier  County,  Arkantat. 


It  contaiDS  some  irou,  which  here  and  there  tiuges  it  yellowish.  The 
insoluble  matter  aad  silica  are  readily  acconnted  for  by  the  presence  of 
spiculse  of  sponges  and  other  siliceous  organisms,  which  muy  be  seen 
under  the  microscope.  Mr.  Hill  reports  that  in  the  field  it  doett  not 
contain  nodalesof  fliat.  In  this 
respect  it  is  like  the  "chalk  with- 
out flint8''ofEurope,and  differs 
from  the  "nodular  chalk"  or 
"chalk  with  fiints,"  so  well  ex- 
posed in  the  cliffs  at  Dover, 
England.  Although  flints  do 
not  occur  in  the  chalk  at  White 
Cliffs,  they  do  occur  in  the 
Capriun  limestone  near  Austin, 
Texas,  from  which  specimen  No. 
41  was  collected. 

Much  light  has  been  thrown 
upon  the  origin  of  chalk  by  the 
deep-sea  soundings  of  the  Chal- 
lenger  expedition.^  From  the 
sea  fioor,  at  depths  of  between 
2,500  and  17,000  feet,  where  not 
too  cold,  the  dredge  brought  up  a  white  ooze,  consisting  largely  of  the 
shells  of  foramiuifera  and  other  organisms  having  calcareous  tests,  in- 
termingled with  a  small  amount  of  radiolarian  and  other  siliceous  shells. 

In  flg.  14  is  shown  the  api)earaiiee  of  globigerina  ooze  as  seen 
ander  the  microscope.  It  is  composed  cliiefly  of  the  calcareous  shells  of 
members  of  the  fomily  Globigerinid.T,  but  with  these  are  a  few  lozenge- 
shaped  and  other  siliceoas  shells.^  This  is  so  strikingly  simihu-  to 
chalk  in  its  structure  and  composition  that  its  deposition  practically 
lllostrstes  the  origin  of  chalk. 


1.  H.  S.  OlutUtngrr,  It 
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The  organisms  whose  remains  now  form  the  chalk  lived  in  the  sea 
under  various  circumstances.  The  larger  animals  lived  upon  the  bottom, 
where  they  died  and  their  shells  contributed  to  the  accumulating 
chalk. 

The  minute  foraminifera,  of  whose  tests  the  chalk  is  chiefly  composed, 
lived  not  upon  the  bottom,  but  far  above  it,  near  the  surface  of  the  ocean. 
The  species  of  foraminifera  canght  in  the  surface  nets  of  the  Chulfenger^^ 
are  the  ones  whose  dead  shells  have  sunk  to  the  bottom  to  make  up  a 
large  part  of  the  globigerina  ooze. 

It  is  evident  that  these  minute  organisms  must  have  drawn  from  the 
ocean  water  the  carbonate  of  lime  of  which  their  shells  are  (joniposed. 
The  same  is  true  of  corals,  mollusks,  and  all  other  marine  organisms 
whose  skeletons  or  shells  are  calcareous  and  whose  remains  j)lay  such 
an  important  part  in  the  formation  of  limestones. 

Notwithstanding  the  fact  that  chalk  is  one  of  the  rarest  of  sedimentary 
rocks,  globigerina  ooze  is  one  of  the  most  widely  distributed  of  the 
marine  deposits  forming  at  the  present  day. 

Chalk  is  very  porous,  so  that  it  will  absorb  in  some  cases  an  amount 
of  water  equal  to  about  one-third  its  own  bulk.  On  this  account  beds 
of  chalk  are  great  reservoirs  of  underground  water,  and  in  sou)e  ])laces, 
as  in  the  vicinity  of  London,  such  beds  yield  a  large  supply  of  water  by 
means  of  artesian  wells. 

Chalk  has  wide  application  in  the  arts,  industries,  and  agriculture. 
It  is  calcined  to  make  lime,  producing  a  superior  quality  of  that  mate- 
rial for  chemical  and  structural  uses.  In  the  semihumid  portion  of  its 
extent,  where  the  material  indurates  through  a  process  of  interstitial 
hydraulic  setting,  it  is  sawn  and  extensively  used  as  a  building  material. 
By  saturating  chalk  with  siliceous  solutions  to  give  it  hardin'ss,  and 
mineral  stains  to  give  it  color,  ornamental  marble  of  great  variety  and 
beauty  is  manufactured  in  Europe.  Its  most  remunerative  application, 
however,  is  its  use  in  the  process  of  making  hydraulic  and  Portland 
cements.  For  this  purpose  it  is  mixed  in  definite  proportions  with  clay 
and  silica.  It  is  the  use  of  chalk  that  has  enabled  Europe  to  control 
the  supply  of  superior  Portland  cement  in  the  United  States,  and  Hill 
has  pointed  out  the  fact  that  the  neglect  to  utilize  the  extensive  deposits 
of  chalk  in  our  own  country  amounts  to  a  serious  commercial  loss.  When 
pulverized,  washed,  and  elutriated  it  is  known  as  creta  preparata,  and 
is  extensively  used  for  toilet  and  fine  abrasive  i)urposes,  as  well  as  for 
medicinal  purposes.  It  is  also  used  in  the  manufacture  of  carbonate  of 
soda  and  carbonic  acid.  On  wet  clay  soil  it  is  a  valuable  fertilizer,  and 
for  such  purpose  it  is  extensively  used  in  parts  of  England,  and  could 
be  most  profitably  so  employed  upon  the  noncalcareous  lands  of  the 
southern  coastal  region  of  the  United  States. 

The  white  crayons  used  for  marking  purj>08es  were  formerly  made  of 
chalk,  but  now  they  are  composed  chiefly  of  artificially  produced  sul- 


'  Challenger  JieporU);  Deep  Sea  DoiiobIU,  p.  218. 
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phate  of  lime,  with  a  8mall  admixture  of  lime  carbonate.  The  lump 
chalk  used  by  carpenters  and  other  tradesmen  is  the  natural  chalk  as 
removed  from  the  ground. 

No.  40.    Patellina  Limestone. 

(From  Austin,  Texas.    Described  by  J.  S,  Diller.) 

The  specimens  of  this  series  were  collected  on  Bull  Creek,  5  miles 
west  of  Austin,  Texas.  It  is  a  light-colored,  earthy  limestone,  which 
to  a  considerable  degree  resembles  the  chalk  of  Arkansas,  although  it 
belongs  to  a  much  older  horizon.  According  to  Hill,'  it  forms  a  stratum 
10  feet  or  more  in  thickness  near  the  middle  of  the  Glen  liose  beds,  in 
the  basal  portion  of  the  lower  Cretaceous. 

The  typical  Patellina  limestone  differs  from  tbe  chalk  (No.  39)  chiefly 
in  hardness  and  in  the  macroscopic  fossils  present;  but  the  material 
also  occurs  in  nature  as  beds  of  pulverulent  chalk,  or  marl.  As  in  the 
case  of  chalk  (No.  39),  there  are  a  number  of  mollusks  present  in  this 
limestone,  but  few,  if  any,  of  them  appear  in  the  hand  specimens. 

It  is  composed  largely  of  a  small,  flat-conical  foraminiferal  shell, 
Patellina  texana  Eoemer,^  and  on  this  account,  at  the  suggestion  of 
Mr.  Hill,  has  been  called  the  Patellina  limestone.  While  Patellina  tex- 
ana is  the  only  foraminifer  in  the  limestone  visible  to  the  nakeil  eye, 
in  a  thin  section  of  the  rock  under  the  microscope  the  finer  material  is 
seen  to  be  composed  chiefly  of  foraminifera  similar  to  those"  of  chalk, 
illustrated  in  figs.  13  and  14,  and  might  well  be  called  chalky  limestone. 
Its  conditions  of  formation  must  have  been  in  general  quite  like  those 

of  chalk. 

No.  41.    Flint. 

(From  Austin,  Texas.    Described  by  J.  S.  Diller.) 

Flint  nodules  are  of  common  occurrence  in  the  upper  chalk  beds  of 
England,  but,  as  noted  under  the  description  of  chalk  (No.  39),  they  do 
not  occur  in  the  equivalent  of  that  horizon  in  Texas.  The  specimcMis  of 
the  series  were  collected  from  the  lower- lying  Capriua  limestone  (8hu- 
mard)  of  Hill's  section,^  2  miles  west  of  Austin,  Texas. 

lu  this  chalky  limestone  aro  w«^ll-(le{ine(l  layers  of  exquisito  flint  nodnlcs,  occu- 
pying, apparently,  persistent  horizons  in  localities.  Then*^  flint  nodules  are  on  sil  and 
kidney  shaped,  ranging  in  size  from  that  of  a  walnut  to  ahont  2  feet  in  diameter. 
Exteriorly  they  are  chalky  white,  resembling  in  general  character  the  flint  nodules 
of  the  English  chalk  clifls.  Interiorly  they  are  of  various  shades  of  color,  from 
light  opalescent  to  bla(!k,  sometimes  showing  a  banded  structure.  These  flint 
nodules  are  beantifully  displayed  in  situ  in  the  Deep  Eddy  Canyon  of  the  Colorado, 
above  Austin,  where  they  can  be  seen  occupying  three  distinct  belts  in  the  white 
chalky  limestones.     ... 

The  fact  that  these  are  the  only  flint  horizons,  so  far  at  least  as  is  known  to  the 
writer,  in  the  whole  of  the  immense  Cretiiccons  deposits  of  the  United  States  is  very 


> Paleontology  of  the  CretaceouH  formation  of  Texas:  Proc.  Biol.  Soo.  Washington,  Vol,  VIII,  1893, 
pp.  14,  20,  and  21. 
>mastrate(l  in  Dana's  Manual  of  Geology,  4th  efl.,  1895,  p.  834. 
*OeoL  Survey  TezM,  Bull.  No,  4,  p.  xix. 
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interesting,  and  especially  since  they  occur  about  the  middle  of  the  Lower  Creta- 
ceous series  instead  of  at  the  top  of  the  upper  series,  as  in  England.  It  was  from 
theui  that  the  Indians  made  their  flint  implements,  and  the  ease  of  their  llthologic 
identity  will  be  of  value  to  the  anthropologist  in  tracing  the  extent  of  the  inter- 
course and  depredations  of  former  Indian  tribes  inhabiting  this  region.' 

These  flints  Lave  been  distributed  in  later  geologic  epochs  over  a 
wide  area  coastward  of  the  present  outcrops  of  the  Caprina  limestone. 

The  specimens  illustrate  the  light-colored  exterior  of  the  flints  as 
well  as  the  extremely  compact  texture  and  the  perfect  couchoidal 
splintery  fracture  of  the  darker  interior.  Pi.  XXII,  taken  from  a  pho- 
tograph, shows  a  section  of  one  of  these  nodules  in  which  the  concentric 
banding,  as  well  as  the  planes  of  original  stratification,  are  distinctly 
marked.  When  highly  heated  in  a  flame,  the  dark-colored  flint  becomes 
white,  indicating  that  the  color  is  due  to  the  presence  of  organic  matter. 
Mr.  Hill  reports  a  nodule  containing  a  small  cavity  filled  with  liquid ; 
others  are  found  with  fossils  (Bequienia  and  Monopleura)  as  nuclei,  but 
these  occurrences  are  exceptions.  The  nodules  are  generally  without 
nuclei.  Nevertheless,  they  contain  a  large  number  of  fossil  fragments, 
which  are  visible  only  with  the  aid  of  a  microscope. 

Mr.  J.  A.  Merrill^  has  made  a  special  study  of  the  fossils  in  the  flint 
nodules  of  the  Lower  Cretaceous  of  Texas,  and  not  only  described  the 
forms,  but  considered  the  conditions  of  their  preservation  and  the  origin 
of  the  nodules.  He  examined  a  number  of  slides  of  specimens  in  this 
series,  and  reports  three  specjies  of  monactiuellid  and  three  tetracti- 
nellid  forms  of  sponge  spicules,  besides  the  remains  of  foraminifera, 
ecbinodernjs,  and  shell  fragments. 

Tlie  large  number  of  the  siliceous  organisms  found  in  the  flint,  both 
of  this  country  and  of  Europe,  leave  scarcely  any  doubt  as  to  the 
source  of  the  silica  of  which  they  are  formed.  It  was  originally  taken, 
at  least  in  large  part,  directly  from  the  sea  water  by  siliceous  organ- 
isms, e8i>ecially  sponges,  for  their  skeletons  and  shells,  in  much  the 
same  way  as  the  carbonate  of  lime  is  secured  from  the  same  water  by 
organisms  having  calcareous  parts.  In  globigerina  ooze  calcareous 
and  siliceous  organisms  are  found  intermingled,  and  the  Texas  material 
contains  a  similar  association  of  forms.  The  organisms  found  by  Mr. 
Merrill  in  the  flint  of  Texas  are  foraminifera,  sponges,  mollusks,  and 
fish  scales.  The  foraminifera  were  principally  globigerina  whose 
shells  are  well  known  to  have  been  originally  calcareous.  In  the  flints, 
however,  the  calcareous  matter  is  completely  replaced  by  silica,  and  it 
is  evident  that  the  flint  is  not  made  wholly  by  an  accumulation  of  sili- 
ceous organisms,  but  in  part,  at  least,  by  the  replacement  of  calcareous 
organisms  by  silica  brought  in  solution.  Spicules  of  sponges  and  other 
organisms  are  found  in  all  stages  of  preservation.  A  few  are  well  pre- 
served; more  are  partially  destroyed,  while  the  greater  number  have 
either  almost  or  entirely  disappeared  under  the  attack  of  mechanical 
attrition  and  solvents. 


J,  Geol.  Survey  Texas,  Bull.  No.  4,  p.  xix. 

MuA.  Cowp.  Zool.  Harvarf}  College,  Vol.  XXVIII,  Ho.  1,  pp.l-^.    See  also  a  Review  of 
J-al  work  by  Mr.  WayJaDd  Vaughan,  in  Jour.  Geol.,  Vol.  IV,  p.  IVi. 
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Although  the  forms  of  some  of  the  sponge  spicules  are  well  preserved, 
the  siliceous  material  of  which  they  are  now  composed  is  not  amorphous, 
as  it  was  originally,  but  so  arranged,  or  i)erhaps  we  may  say  rearranged, 
as  to  be  crystalline.  The  silica  of  the  flint  is  in  two  forms,  crystalline 
and  amorphous.  The  first  is  practically  insoluble,  but  the  second  is 
soluble  in  caustic  potash.  By  far  the  larger  portion  of  the  silica  in  the 
flint  is  in  a  crystalline  condition.  Mr.  George  Steiger,  by  treating  speci- 
men No.  41  with  a  10  per  cent  solution  of  caustic  potash  for  one  hour 
over  a  water  bath,  found  that  15.39  per  cent  of  the  flint  was  dissolved. 
It  is  generally  very  fine  micrograuular,  but  occasionally  it  is  radial 
fibrous  like  chalcedony.  However,  it  is  optically  positive,  while  chal- 
cedony is  negative.  Even  that  of  the  sponge  spicules  and  other  fossils, 
which  was  originally  amorphous,  is  now  crystalline.  Perhaps  this 
structural  change  may  have  resulted  directly  from  the  removal  of  the 
spiculin  originally  associated  with  the  silica  in  the  sponge  spicules. 
However  this  may  be,  it  is  certain,  as  already  noted,  that  there  is 
much  actual  replacement  by  silica  in  the  fossils  of  flint  nodules. 

It  has  generally  been  supposed  that  originally  the  silica  was  rather 
uniformly  distributed  throughout  the  bed,  and  that  the  flint  nodules 
were  formed  in  much  the  same  manner  as  claystones  by  concretional 
action.  A  somewhat  different  view  is  suggested  by  Sollas,^  advocated 
by  Merrill,^  and  commented  upon  by  Vaughau-' — that  each  nodule  rep- 
resents a  separate  sponge  bed,  in  which  many  generations  of  sponges 
have  lived  and  died  in  all  stages  of  development. 

In  the  local  accumulations  thus  produced  Sollas  and  Merrill  see  the 
origin  of  the  nodules,  but  in  support  of  a  somewhat  different  view 
Vaughan  refers  to  a  fact  noted  by  Murray — that  sponge  8])icules  col- 
lect around  shells.  That  flint  nodules,  sometimes  at  least,  have  nuclei 
has  been  shown  by  Hill,  and  the  weight  of  present  opinion  appears  to 
favor  the  view  that  flint  nodules  are  largely  concretionary. 

Flint  nodules  are  extensively  imi>orted  from  England  into  the  United 
States,  where  they  are  ground  and  mixed  with  kaolin  for  the  purpose 
of  making  pot  ler's  clay,  such  as  is  used  in  the  manufacture  of  porcelain 
and  other  flner  grades  of  china.  The  material  is  also  valuable,  especially 
in  Texas,  for  road  making,  and  is  extensively  used  for  track  ballast. 

No.  42.     COQUINA. 
(From  St.  Augustine,  Florida.    Descriukd  by  J.  8.  Diller.) 

Goquina  is  a  very  porous  limestone,  composed  almost  exclusively  of 
shell  fragments  cemented  together  by  carbonate  of  lime.  It  is  a  tfhell 
limestone^  baton  account  of  its  peculiarities  is  generally  known  through- 
out this  country  by  the  local  Spanish  name  of  coquina. 

According  to  Mr.  R.  Dietz,^  it  forms  a  considerable  portion  of  Anas- 

1  Annala  Hag.  Kat.  Hist.,  6th  seriM,  Vol.  VI,  pp.  441-443. 
*BolL  Mns.  Comp.  Zool.  Harvard  CoUego^  Vol.  XXV\\\,^.*S2.. 
•  Jonr.  Geo!.,  Vol  IV,  p.  lU. 
*Jmir,  Aoad.  Nftt.  Sci.  PliUAdelphia,\o\.  IV ,  ViOk,  ^1^. 
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tasia  Island,  and  occars  in  horizontal  layers,  which  easily  separate, 
forming  slabs.  The  layers  are  from  1  inch  to  18  inches  in  thickness. 
The  fragments  of  shells  composing  them  vary  in  size,  and  occasionally 
entire  shells  are  found.  In  general,  the  material  is  finest  near  the  sur- 
face. When  first  removed  from  the  ground  the  rock  is  soft  and  may 
easily  be  cut  into  any  desired  shape,  but  upon  exposure  to  the  air  it 
bee>omes  indurated.  On  this  account  it  is  a  good  building  material, 
and  has  been  extensively  used  in  the  construction  of  the  fort,  the  quays, 
and  other  structures  at  St.  Augustine. 

The  shells  are  cliiefiy,  if  not  wholly,  of  species  now  living  along  the 
adjoining  coast.  In  the  coquina  studied  by  Dietz  they  belong  princi- 
pally to  the  genus  Area,  but  Dr.  W.  H.  Dall  says  that  they  vary  greatly 
from  place  to  place,  according  to  the  locally  dominant  species. 

The  shell  fragments  are  all  arranged  with  their  largest  surfaces  par- 
allel to  the  plane  of -stratification.  The  space  between  them  is  partially 
filled  with  clear  quartz  sand,  and  the  whole  is  cemented  by  calcite,  and 
in  such  away  as  to  give  the  rock,  when  examined  under  a  small  lens,  a 
crystalline  appearance.  The  quartz  is  easily  loosened  and  isolated  by 
dissolving  a  small  piece  of  the  coquina  in  acid.  Some  of  the  grains 
thus  liberated  are  well  rounded,  but  generally  they  are  sharp,  angular, 
and  clear,  as  if  near  their  original  source.  Numerous  minute  rutile 
needles  occur  in  some  of  them,  as  in  the  quartz  of  granitic  rocks.  The 
sand  drifts  southward  along  our  Atlantic  coast,  and  it  is  probable  that 
the  sand  in  the  coquina  has  been  carried  from  far  northward,  for  the 
beach  of  Florida  exposes  no  rocks  from  which  it  could  have  been 
derived. 

Dr.  Dall  tells  me  that  co^juina  is  now  forming  at  many  points  along 
the  coast  of  Florida.  The  shallow- water  shells  washed  up  by  the 
waves  to  the  beach,  when  placed  about  high-tide  level,  are  alternately 
wet  and  dry.  The  water  laving  the  shell  beach  gets  a  large  amount  of 
carbonate  of  lime  in  solution,  and  as  it  dries,  after  the  waves  recede, 
the  lime  carbonate  is  deposited  upon  the  fragments,  gradually  binding 
them  together  and  forming  a  more  or  less  solid  shell  rock — coquina. 

The  loose  shell-beach  material  is  mixed  with  cement  to  make  an  arti- 
ficial building  stone,  quite  extensively  used  in  St.  Augustine.  The 
trimmings  of  buildings  made  of  this  material  are  of  cocjuina. 

No.  43.    Shell  Limestone. 

(Fpom  Rochester,  New  York.    Described  by  J.  S.  Diller.  ) 

This  limestone,  like  coquina,  is  composed  of  shells,  and  is  therefore  a 
shell  limestone.  It  differs  from  coquina,  however,  in  being  compact 
and  containing  almost  exclusively  the  shell  of  one  species,  formerly 
coiled  Atrypa  hemispherica^^  but  now  known  as  Anoplotheca  hemispherical^ 
As  the  limestone  is  composed  almost  entirely  of  Anoplotheca,  it  is 
letimes  called  Anoplotheca  limestone  by  paleontologists. 


V 


'Geology  of  New  York,  by  Jamea  Hall,  1843,  pp.  «4  and  73. 
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This  bed  of  limestone  is  only  3  or  4  inches  in  thickness  along  the 
Genesee  Eiver  near  Kocliester,  and  lies  within  the  upper  green  shale 
of  the  Clinton  groap.  The  sediments  associated  with  it  are  all  fine, 
and,  although  of  littoral  origin,  evidently  do  not  belong  to  beach  depos- 
its. The  shells  are  so  well  preserved  as  to  retain  their  pearly  appear- 
ance, and  but  few  of  them  are  broken.  They  accumulated  upon  the 
sea  floor  at  a  favorable  spot,  where  not  disturbed  by  the  influx  of  ordi- 
naiy  sediments  or  the  beat  of  waves. 

The  relation  of  the  strata  in  that  region  is  illustrated  in  PI.  XXIII. 
At  the  base  of  the  exposure  shown  in  the  figure  is  a  mass  of  shale, 
which  is  overlain  by  a  thin-bedded  limestone,  near  the  bottom  of  which 
is  a  bed  of  iron  ore  (No.  52).  The  limestone  above  the  ore,  having  a 
thickness  of  14  feet,  forms  the  middle  falls  of  the  Genesee.  As  its  most 
abundant  shell  is  a  Pentamerus,  it  is  referred  to  as  the  Pentamerus 
limestone.  Immediately  above  the  Pentamerus  limestone,  which  is  well 
shown  in  the  figure,  is  the  mass  of  green  shale  containing  the  thin  bed 
of  Anoplotheca  limestone  from  which  specimen  No.  43  was  obtained. 

No.  44.    Cherty  Limestone. 

(From  Buffalo,  New  York.     Described  by  J.  S.  Diller.) 

The  bed  of  limestone  from  which  spe<iimen  No.  44  was  taken  extends 
from  near  the  Hudson  westward  through  the  State  of  New  York  into 
Canada,  Ohio,  Indiana,  and  other  States  of  that  region.  At  many 
places  in  New  York  it  contains  a  large  amount  of  siliceous  material 
called  chert  or  hornstoue.  The  limestone  containing  it  is  cherty  lime- 
Htone.  It  was  formed  during  the  Corniferous'  period  of  the  Devonian 
era.  Fossils,  especially  corals,  are  so  abundant  in  some  places  that 
the  limestone  looks  like  the  reef-rock  of  modern  coral  reefs.  The  fossils 
are  often  silicified,  forming  chert. 

The  chert  occurs  irregularly  distributed  throughout  the  mass  of  lime- 
stone, as  in  specimen  No,  44,  or  it  may  be  arranged  in  layers,  nodular 
sheets,  or  series  of  separate  nodules  in  the  same  plane,  alternating  with 
layers  of  limestone.  In  such  cases  the  limestone  layers  are  generally 
thicker  than  those  of  chert,  although  the  relative  proportions  of  chert 
and  limestone  vary  greatly  from  place  to  place.  In  general,  the  occur- 
rence of  chert  in  limestone  is  analogous  to  that  of  flint  and  chalk. 

The  limestone,  being  soluble  under  conditions  of  weathering,  is  gradu- 
ally carried  away,  leaving  the  exposed  surface  of  the  limestone  rough 
with  chert.  As  weathering  progresses  the  surface  in  places  becomes 
paved  with  angular  fragments  of  chert. 

In  hand  specimen  No.  44  the  bluish-gray  compact  chert  and  the 
dark  limestone  are  distinctly  separable.  In  some  specimens  the  chert 
predominates,  in  others  the  limestone.  Their  boundaries  are  almost 
always  sharply  denned,  although  in  some  places  there  is  gradation 
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from  one  to  the  other.  Both  effervesce  in  acid,  bat  the  soft,  dark  por- 
tion, which  will  hereafter  be  referred  to  as  the  limestone,  effervesces 
much  more  freely  than  the  hard,  flinty  chert 

That  the  limestone  is  crystalline,  at  least  in  part,  is  indicated  by  the 
minute  glistening  grains,  visible  under  a  small  hand  lens.  When 
viewed  in  a  thin  section  under  a  microscope  it  is  found  to  be  irregu- 
larly granular,  containing  numerous  i)erfect  crystals  of  calcite,  rang- 
ing from  0.005*"*"  to  0.03*""*  in  diameter.  Most  of  the  calcareous  mate- 
rial is  dark  or  brownish,  owing  to  the  presence  of  carbonaceous  matter, 
which  disappears  upon  ignition,  leaving  the  limestone  white.  Clear, 
colorless  calcite  occurs  in  veins,  but  more  commonly  in  single  crystals 
or  variously  shaped  patches.  Irregularly  intermingled  with  the  clouded 
material. 

Embedded  in  the  limestone  are  occasional  angular  grains  of  clear 
quartz.    They  occur  in  chert  also,  but  are  much  less  common. 

The  chert  effervesces  rather  feebly  in  acid,  owing  to  the  presence  in 
it  of  some  carbonate  of  lime,  but  when  that  is  dissolved  away  nothing 
but  the  hard,  horny  siliceous  material  is  left.  Under  the  microscope 
it  appears  cryptocrystalline,  with  here  and  there  more  coarsely  crystal- 
line, clear  areas,  having  confused  radial  fibrous  structure,  some  of  which 
appears  to  be  optically  negative,  as  chalcedony. 

Scattered  throughout  the  chert  is  much  carbonate  of  lime,  often  in 
sharp  rhombohedral  crystals.  These  crystals  are  completely  enveloped 
by  the  chert,  as  if  they  were  formed  before  the  chert  was  deposited,  or 
at  least  before  it  had  hardened  so  as  to  prevent  the  development  of 
crystals  of  calcite.  This  matter  will  be  more  fully  considered  under 
"Chert,"  as  illustrated  by  specimen  No.  45,  which  was  taken  from  the 
same  bed  of  cherty  limestone  as  that  which  occurs  at  Buffalo,  but  at  a 
different  locality. 

No.  45.    Chebt, 
(From  Leroy,  Geneskk  County,  New  York.    Described  by  J.  S.  Diller.) 

The  chert  at  Leroy,  New  York,  according  to  Hall,^  occurs  in  the  Cor- 
niferoQS  limestone  of  the  Devonian  group,  where  it  is  arranged  in  irreg- 
ular bands  between  layers  of  compact  gray  or  blue  limestone.  In  a 
thickness  of  about  50  feet  of  the  Corniferous  limestone  there  are  at 
least  twelve  horizons  of  chert,  ranging  from  a  few  inches  to  several  feet 
in  thickness.  Westward  the  proportion  of  chert  in  the  limestone 
diminishes,  and  in  some  places  the  chert  nearly  disappears. 

Chert,  illustrated  by  specimen  No.  45,  is  a  highly  siliceous  material  of 
light-gray  color.  When  freshly  broken  some  of  it  effervesces  for  a  little 
while,  showing  the  presence  of  a  small  amount  of  carbonate  or  lime; 
but  a  fragment  long  exposed  to  the  weather  does  not  effervesce,  the 
carbonate  of  lime  having  been  removed  in  solution.     Upon  exposure  it 
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breaks  np  into  small  angular  pieces,  which  accumulate  in  the  soil  at 
the  surface. 

The  chert  contains  shells,  corals,  and  other  fossils  which  were  orig- 
inally composed  of  calcareous  matter,  but  are  now  completely  silicified. 
In  addition  to  these  fossils,  it  contains  numerous  organisms  which  were 
once  siliceous.  Mr.  George  H.  Oirty,  who  examined  the  thin  sections  of 
this  chert,  states  that  ^^  sponge  spicules  and  fragments  of  the  spicular 
skeleton  of  sponges  of  both  the  hexactiuellid  and  lithistid  orders  are 
not  uncommon,  although  they  frequently  are  much  broken.  The  hexac- 
tinellid  elements  are  chiefly  flesh  spicules  ornamented  with  numerous 
sharp  nodes.'' 

The  structure,  as  revealed  by  the  microscope,  is  cryptocrystalline, 
and  on  the  whole  considerably  finer  than  that  of  the  chert  in  specimen 
No.  44.  The  minute  grains  are  rarely  greater  than  0.001  °»"'  in  diameter, 
and  there  is  comparatively  little  variation  in  size.  Radial  fibrous  chal- 
cedony, such  as  occurs  in  specimen  No.  44,  was  not  seen  in  the  body  of 
the  chert,  but  does  occur  in  a  few  remarkably  well-developed  veins. 
These  veins  are  made  up  of  several  bands  of  fibrous  chalcedony,  with  a 
final  filling  of  granular  quartz  in  the  middle.  Here  and  there  through- 
out the  chert  are  small  ar/^s  of  amorphous  silica,  and  there  may  be 
much  in  the  cryptocrystalline  mass,  where  it  can  not  be  so  readily  dis- 
tinguished. 

The  chert,  excepting  that  which  "replaces  calcareous  organisms,  is 
remarkable  for  the  abundance  of  sharp  rhombohedral  crystals,  like 
those  of  calcite,  it  contains.  There  is  some  variation  in  the  forms  of 
the  crystals,  but  in  general  they  are  rhombohedral  and  average  about 
0.02"™  in  diameter.  A  few  minute  crystals  of  other  substances  besides 
carbonates,  as  well  as  irregular  grains  of  quartz,  are  present. 

The  siliceous  material  of  the  Coruiferous  limestone,  illustrated  by 
the  specimens  Nos.  44  and  45,  is  sometimes  called  hornstone.  There 
apx>ears  to  be  no  distinct  line  of  division  between  flint,  hornstone,  and 
chert.  'The  term  <<  flint,"  although  used  in  a  comprehensive  sense  to 
include  chert,  so  that  chert  may  be  defined  as  impure  flint,  is  applied 
chiefly  to  the  more  purely  siliceous  rock  which  occurs  in  chalk.  Flint 
is  often,  but  not  always,  rather  dark  colored.  A  special  characteristic 
of  flint,  according  to  Griswold,  seems  to  be  that  a  considerable  part  of 
the  silica  is  in  the  amorphous  soluble  form  of  opal. 

In  New  York  the  siliceous  material  of  the  Oomiferous  limestone 
was  formerly  called  ^^ hornstone,''^  and  the  name  is  still  used  to  some 

*Gei\ie  applies  the  term  *' hornstone"  (Text-Book  of  Geology,  3d  ed.,  p.  154)  to  "an  exceedingly 
oompact  siliceone  rock,  nsaally  of  some  dull  tint,  occurring  in  nodular  masBes  or  irregular  bands  or 
reins.  The  name  has  sometime  been  applied  to  more  flinty  forms  of  felsite."  In  the  United  States,  cer- 
tain more  or  less  flinty  rooks  which  result  from  the  alteration  of  sediments  in  contact  with  igneous 
rocks  have  been  called  hornstone.  It  is  what  the  Germans  call  "  homfels/'  Ilawes  described  such 
in  Kew  Hampshire,  Am.  Jour.  Sci.,  3d  series,  1881,  Vol.  XXI,  p.  27;  Emerson  in  New  Jersey,  Am. 
Jottr.  Sci.,  3d  series,  1882,  Vol.  XXIII,  p.  303;  and  Kemp  in  Trans.  New  York  Acad.  Sci.,  Vol.  XI,  pp* 
70, 128.  It  thus  appears  that  the  term  "  hornstone  '*  fias  been  used  to  designate  rocks  of  widely  dif- 
ferent origin,  and  the  needs  of  science  would  be  better  subserved  by  dropping  it  altogether,  and  using: 
the  terms /<n<  and  chert  for  rooks  like  specimens  Noe.  41  and  45,  and.  hortv|eU  lot  \\i<wa  >2dub  «\^\s&!«s^ 
Ko.180. 
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extent,*  but  with  growing  infrequency,^  while  the  term  ^'chert^  is  com- 
ing into  more  general  use  to  designate  impure  liint,  especially  when 
it  is  calcareous. 

Much  has  been  written  concerning  the  origin  of  flint  and  chert,  and 
it  is  evident  that  all  have  not  been  produced  in  the  same  way.  Some 
observers  consider  that  the  silica  of  chert  is  derived  from  sponges  and 
other  siliceous  organisms,  while  others  consider  that  by  some  chemical 
reaction  the  silica  was  precipitated  directly  from  sea  water  to  make  the 
chert. 

The  presence  of  siliceous  organisms-^  in  many  cherts  leaves  no  doubt 
that  their  silica,  at  least  in  large  part,  was  derived  from  siliceous 
organisms. 

Oolitic  structure  (si>ecimen  No.  !i6)  occurs  in  some  cherts,  and  has 
been  regarded  as  indicating  the  rephicement  of  carbonate  of  lime  by 
silica.  The  siiicitied  corals  and  mollusks  (specimen  No.  38),  so  common 
in  the  chert  of  the  Corniferous  limestone,  afford  positive  evidence  of  this 
replacement,  and  since  we  often  find  in  the  same  specimen  of  Corniferous 
chert  both  sponge  spicules  and  replaced  calcareous  fossils,  the  traces  of 
its  history  are  essentially  the  same  as  those  noted  under  flint  (specimen 
No.  41).  In  fact,  the  chert  (specimen  No.  45)  difl'ers  from  flint  chiefly  in 
containing  numerous  crystals  of  carbonate  of  lime.  These  crystals  can 
not  be  regarded  as  remnants  of  the  calcareous  organisms.  They  crys- 
tallized in  place  before  they  were  eliveloped  in  hard  chert  to  interfere 
with  their  development,  Irving  and  Van  Hise,^  after  an  extensive 
study  of  the  cherty  limestone  and  the  cherty  carbonates  of  the  Penokee 
iron-bearing  series  of  Michigan  and  Wisconsin,  conclude:  "First,  that 
the  chert  was  mainly  deposited  simultaneously  with  the  iron  carbonate 
with  which  it  was  so  closely  associated;  and,  second,  that  it  is  probable 
that  the  chert  is  of  organic  origin,  although  we  have  no  positive  proof 
that  it  is  not  an  original  chemical  sediment,  while  it  may  in  part  be 
from  both  sources." 

The  acids  resulting  from  the  decomposition  of  organisms  affect  the 
solubility  of  silica,  and,  as  suggested  by  Julien,'*  may  cause  its  precipi- 
tation. This  would  account  for  the  siliciflcation  of  organisms,  both 
vegetal  and  animal,  so  common  in  the  various  formations. 

The  evidence  of  the  formation  of  chert  by  direct  ]>recipitation  from 
sea  water  without  the  intervention  of  life  is  negative.  Although  there 
are  cherts  in  which  no  trace  of  life  has  been  found,  it  is  possible  that  such 
traces  have  been  obliterated  by  more  pronounced  activity  of  the  same 
agents  which  in  other  cases  only  partijilly  destroy  them. 


^See  Dana,  Manual  of  Goology,  4th  ed.,  1805,  p.  5H3. 
'See  "  Iloriiatone"  in  Century  Dictionary. 

»W.  J.  SoIIhh,  Annals  Mag.  Nat.  HiHt.,  5tli  series.  Vol.  VII,  1881.  p.  141 ;  G.  J.  nind«,  Geol.  Mag^ 
1887.  i».  435;  J.  A.  Merrill,.  Bull.  Mua.  Comp.  Zool.  Harvard  College,  Vol.  XXVIII,  pp.  l-2«. 
*  Tenth  Ann.  Rept.  U.  S.  (ieoh  Survey,  Part  1,  p.  397. 
•Proc.  Am.  Assoc.  Adv.  Sci.,  187»,  p.  396. 
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No.  46.    Compact  Limestone. 

(From  Greason,  Cumberland  County,   Pennsylvania.    Described  by  J.  S. 

DiLLBR.) 

This  limestone  is  one  of  the  most  extensive  and  most  ancient,  as  well 
as  the  most  important,  economically,  in  the  United  States.  It  occurs 
in  the  great  limestone  belt  extending  from  western  New  England  through 
the  corner  of  New  York,  New  Jersey,  Pennsylvania,  Maryland,  and 
Virginia  into  Tennessee,  and  represents  widespread,  long-continued, 
comparatively  uniform  conditions  of  the  sea  in  Cambro-Silurian  time. 
On  account  of  its  softness  and  solubility  by  long  exposure  to  atmo- 
spheric agents  it  has  wasted  away  more  than  the  harder  rocks  ad^jacent 
to  it.  The  latter  rocks  form  mountains,  while  the  limestone  api)ears 
in  the  intervening  valley.  Lebanon  and  Cumberland  valleys  of  Penn- 
sylvania and  the  Great  Valley  of  Virginia  have  this  limestone  as  their 
fundamental  rock.  The  soil  in  these  valleys  is  rich,  and  furnishes  the 
basis  of  one  of  the  greatest  agricultural  regions  of  the  country. 

The  limestone  is  compact,  with  numerous  minute  glistening  particles, 
visible  with  a  hand  lens.  Its  dark  color  is  due  to  impurities,  probably 
carbonaceous,  at  least  in  part,  for  when  highly  heated  the  dark  color 
disappears.  In  dilute  hydrochloric  acid  it  effervesces  freely,  but  not  so 
vigorously  as  pure  calcite,  and  after  the  carbonate  of  lime  is  completely 
dissolved  there  remains  a  very  line,  dark  sediment.  Under  the  micro- 
scope the  structure  of  this  limestone  is  found  to  be  what  would  be 
termed  microporphyritic.  It  contains  a  multitude  of  minute  rhombohe- 
dral  crystals  of  calcite,  about  0.05  to  0.06'"'"  in  diameter,  embedded  in  a 
very  fine-granular  matrix,  which  is  chiefly  carbonate  of  lime,  but  con- 
tains in  addition  nearly  all  the  various  impurities  found  in  the  limestone. 

Many  of  the  crystals  are  very  sharply  defined  and  contain  traces  of 
the  impurities  in  the  matrix.  Occasionally  the  material  is  arranged  in 
bands,  of  which  the  darker  and  more  carbonaceous  usually  contain  the 
largest  number  of  well-developed  crystals.  In  places  over  very  small 
areas  they  have  so  grown  as  to  mutually  interfere  and  interlock  in  a 
way  suggesting  the  crystalline  structure  of  marble.  In  the  lighter- 
colored  bands  the  microphenocrysts  are  less  abundant,  and  occasion- 
ally the  tine-granular  groundmass  prevails. 

After  the  carbonate  of  lime  is  removed  by  acid,  much  of  the  fine 
residual  material  is  doubly  refracting,  but  in  general  it  is  too  fine  for 
a  definite  mineralogic  determination.  The  chemical  analysis  of  the 
whole  rock,  however,  shows  that  the  residual  material  must  be  com- 
posed chiefly  of  quartz,  with  silicates  of  alumina,  magnesia,  and  iron« 
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The  chemical  analysis,  made  by  E.  A.  Schneider,  is  as  follows: 

Analtfsia  of  HfnesUme  from  ChrcMon,  Pennsylvania, 


SiO, 

Al,0,i 

Fe,0,>  

Insoluble  residoe,  undetermined 

CaO : 

MgO 

CO, 

Organic  matter 

H,0  (105°) 

Total 


Per  cent. 


7.00 

3.62 

.45 

39.28 

9.00 

88.82 

.75 

.18 


99.08 


Specimen  Ko.  46  contains  no  fossils,  although  there  are  beds  of  the 
same  belt  in  that  region  containing  an  abundance  of  marine  shells,  and 
there  can  be  no  doubt  in  such  cases  that  a  considerable  part  of  the 
limestone  is  of  organic  origin.  For  this  reason,  in  the  classification  of 
the  limestones  of  this  series  it  was  placed  among  those  of  organic 
origin.  There  is  reason  to  believe,  however,  that  it  may  be  of  chemical 
origin,  and  occasion  will  be  taken  at  this  point  to  consider  the  evidence 
concerning  such  a  view. 

The  principal  evidence  furnished  by  the  limestone  itself  is  to  be 
found  in  its  porphyritic  structure.  The  relative  age  of  the  ground- 
mass  and  the  minute  crystals  so  conspicuous  under  the  luicroscope 
(microphenocrysts,  which  produce  the  porphyritic  structure)  may  be 
best  understood  by  considering  a  porphyritic  igneous  rock,  such  as 
dacite-porphyry  (specimen  No.  90),  where  the  phenocrysts  of  quartz 
and  feldspar  are  clearly  older  than  the  groundmass  by  which  they  are 
enveloped^  that  is,  these  crystals  were  formed  before  the  groundmass 
solidified.  This  is  shown  especially  by  the  corrosive  action  of  the 
magma  upon  the  quartz  crystals.  At  the  time  the  large  feldspar  crys- 
tals developed  the  inclosing  material  was  sofb,  so  as  not  to  interfere 
with  their  symmetrical  growth  and  structure.  The  same  must  have 
been  true  of  the  minute  crystals  of  calcite  in  the  limestone.  They 
must  be  the  oldest  solid  portion  of  the  mass.  Although  it  may  have 
accumulated  about  the  same  time,  it  was  not  lithified  until  the  crystals 
of  calcite  were  fully  developed. 

This  microporphyritic  structure  of  the  limestone  is  not  a  local  modi- 
fication in  the  rock;  it  belongs  to  the  whole  mass,  and  may  not  be 
attributed  to  metamorphism,  either  local  or  regional,  for  both  are  absent. 
The  associated  layers  of  shale  and  fossiliferous  limestone  are  unaltered. 
It  appears  as  if  the  crystals  of  calcite  developed  directly  in  the  solution 
from  which  they  drew  their  carbonate  of  lime,  and  that  they  are  the 
fundamental  portion  of  the  original  mass. 
T/ie  conditions  under  which  large  masses  of  limestone  originate  by 
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chemical  deposition  ar^  not  well  anderstood,  and  there  is  much  differ- 
ence of  opinion  concerning  the  early  history  of  such  rocks.  This  sub- 
ject has  been  recently  discussed  by  Mr.  Bailey  Willis/  and  from  his 
paper  the  following  quotations  are  taken.  The  conditions  favorable  to 
chemical  deposition  are — 

(a)  Evaporation  from  aa  iucloHed  sea. 

(b)  PrecipitatiOQ  of  lime  and  magnenia  froai  ocean  waterH,  charged  by  solution 
from  the  land,  through  evaporation,  through  reaction  of  salt  water  on  fresh,  and 
through  varying  atmospheric  conditions  at  the  surface  of  the  sea. 

(a)  Evaporation  from>  an  inclosed  sea, — When  a  limited  body  of  water,  such  as  a  lake, 
is  subjected  to  a  change  of  climate,  so  that  evaporation  exceeds  precipitation  of  rain, 
the  volume  will  shrink,  outflow  will  cease,  and  the  solution  of  salt  will  be  concen- 
trateil.  If  the  process  is  suliiciently  continued,  the  solution  will  become  saturated, 
first  for  one  salt,  then  another,  and  they  will  be  deposited  in  the  order  of  their  insolu- 
binty.  This  process  is  important  as  an  indicatitm  of  climatic  variation  in  the  past. 
It  has  been  fully  described  by  Gilbert,  Russell,  and  Chatard  for  Pleistocene  lakes 
and  the  chemical  relations,  and  these  studies  suggest  the  conditions  to  which  appeal 
must  be  made  to  explain  the  less  exact  facts  known  in  ancient  formations  of  the  kind. 

{b)  Precipitation  from  brackish  waters. — The  chemical  precipitation  of  lime  and  mag- 
nesia from  sea  water  is  a  much  mooted  ([uestion.  There  are  two  lines  of  evidence 
relating  to  it  which  are  apparently  opposed.  On  the  one  hand,  the  scientists  who 
have  described  material  obtained  by  soundings  on  modern  limestone  deposits  have 
recognized  only  organic  remains.  The  Challengvr  in  the  open  oceans,  remote  from 
great  rivers;  the  Coast  Survey  vessels  in  the  Caribbean,  the  Gulf  of  Mexico,  and  oft' 
the  Atlantic  coast ;  the  Norwegian  expedition  in  the  North  Atlantic,  and  English 
vesaels  in  the  Indian  0(>ean  have  found  calcareous  ooxes  of  various  kinds  and  rocky 
limestone  formations,  but  in  every  case  the  calcareous  matter  is  described  as  com- 
posed wholly  of  the  tests  of  pelagic  organisms,  many  of  them  of  microscopic  size. 
It  is  known  that  carbonates  of  lime  and  magnesia  are  to  a  greater  or  less  extent  solu- 
ble in  waters  containing  carbonic  acid,  and  that  the  proportion  of  these  carbonates 
dissolved  in  ocean  waters  is  small.  According  to  Dittmar,  the  salt-i  in  solution  in 
ocean  waters  contain  0.345  per  cent  of  carbonate  of  lime  and  3.000  per  cent  of  sul- 
phate of  hme,^  and  the  ocean  is  capable  of  dissolving  all  the  lime  poured  into  it  by 
rivers.^  This  view  being  accepted,  it  followM  that  pelagic  organisms,  which  poMsess 
the  power  of  secreting  solid  carbonate  of  lime  from  solution,  alone  can  cause  lime 
deposits.  Chemical  precipitation  is,  according  to  this  view,  impossible,  or,  if  it 
occurs,  is  followed  by  speedy  re-solution,  and  all  limestones  deposited  under  condi- 
tions of  the  existing  oceans  are  of  organic  origin. 

On  the  other  hand,  there  are  many  limestoneM,  deposited  at  difl'erent  periods  of 
geologic  time,  from  Algonkian  to  the  ]>re8ent,  including  some  now  forming,  which 
consist  of  more  or  less  clearly  crystalline  calcite,  devoid  of  organic  structure.  If 
this  caloite  was  originally  built  into  organic  forms  they  have  been  entirely  oblit- 
erated. Snch  limestones  do  indeed  contain  fosKils  which  sometimes  exhibit  more 
or  less  crystallioe  texture,  but  the  occurrence  of  these  organic  forms  in  the  holo- 
crystalline  matrix  only  raises  the  question.  If  the  mass  was  originally  all  organic 
and  has  undergone  secondary  crystallization  after  lithifaction,  why  was  the  process 
so  complete  in  the  matrix  and  relatively  so  ineffective  in  structures  whose  delicate 
anatomy  can  atill  be  traced  even  to  microscopic  details?  Thin  sections  of  lime 
stone  which  show  a  mass  of  interferant  crystals  suggest  that  this  was  the  primary 

>  Jour.  G^eol.,  July- August,  1893,  Vol.  I,  No.  5,  pp.  500-517. 

'Beport  on  the  Scientific  Residta  of  the  Voyage  of  U.  M.  S.  Challeufjer ;  riiysictt  aud  Cliemistry, 
VoL  I,  p.  904. 
S0p.Git.,p.221. 
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Btructnre  of  the  rock,  and  organic  remains  appear  to  bo  foreign  bodieti  which  are 
accidentally  of  the  same  substance  as  the  inutrix.  If  tuis  view  be  correct,  then  only 
the  alteration  of  the  organic  (*arbonate  is  the  measure  of  the  alteration  of  tbe  rock- 
mass,  and  it  is  a  fair  inference  from  the  original  crystalline  structure  that  the  lime- 
stone may  bave  been  produced  by  chemical  precipitation. 

In  explauation  of  this  coutradictiou  it  may  be  suggested  that  broad 
shallow  seas  resemble  inclosed  bodies  of  water  rather  than  the  open 
ocean,  so  far  as  concentration  of  their  dissolved  salts  is  concerned;  and 
that  observations  on  organic  deposits  have  been  'made  in  the  ocean, 
whereas  it  is  not  improbable  that  mauy  limestones  were  deposited  in 
relatively  shallow  seas.  If  oceanic  waters  enter  a  broad  basin  which 
is  so  nearly  inclosed  as  to  impede  their  outflow,  they  may  circulate 
until  more  or  less  concentrated  by  evaporation,  much  as  they  would  be 
in  a  completely  inclosed  water  body.  Under  such  conditions  lime- 
stones may  have  a  chemical  origin. 

It  is  not  proposed  here  to  argue  that  limestones  are  prevailingly  of  one  origin  or 
the  other,  but  only  to  show  that  the  assumption  of  organic  origin  for  all  the  cal- 
careous deposits  of  the  stratified  series  is  too  sweeping.  To  this  end  it  is  desirable 
to  consider  the  chemical  and  mechanical  conditions  wbich  affect  the  precipitation 
of  carbonate  of  lime,  to  estimate  the  solubility  of  the  carbonate  in  salt  water,  to 
review  the  conditions  under  which  lime  is  contributed  to,  and  distributed  in,  the  sea, 
and  to  describe  several  cases  of  modern  limestone  formation  by  precipitation.    .    .    . 

As  to  the  cbemical  and  mechanical  conditions  whicb  affect  the  precipitation  of 
carbonate  of  lime,  chemists  describe  two  under  which  bicarbonate  of  lime  held  in 
solution  may  be  decomposed,  liberating  carbonic  acid  and  precipitating  the  neutral 
carbonate:  First,  by  diminution  of  the  tension  of  the  carbonic  acid  in  the  atmos- 
phere; second,  by  agitation  of  the  solution. 

Theoretically,  either  one  of  three  thiugs  may  occur  to  the  neutral  carbonate  of 
lime  if  it  be  thrown  out  of  solution  by  either  one  of  these  processes,  which  we  may 
admit  are  active  on  some  portions  of  the  salt-water  surface.  The  carbonate  may  be 
redissolved,  or  deposited  as  a  calcareous  mud,  or  built  into  organic  structures.  We 
may  discuss  these  alternatives  in  turn. 

The  solvent  action  of  sea  water  has  been  the  subject  of  direct  observation  in  the 
ocean  and  of  experimental  determination.     .     .     . 

The  pelagic  pteropods  and  foraminifera,  living  at  the  surface,  sink  on  dying  and 
are  slowly  dissolved.  If  the  water  be  too  deep,  the  carbonate  of  lime  never  reaches 
the  bottom;  only  the  insoluble  residue  gets  there.  The  limits  below  which  the  cal- 
careous remnants  are  not  found  are  about  1,500  fathoms  for  pteropods,  thin  shells 
exposing  large  surfaces  to  solution,  and  2,800  for  globigerina,  smaller  shells,  rela- 
tively more  massive.     .     .     . 

The  solvent  power  of  sea  water  is  very  moderate  and  may  be  satisfied,  so  fur  as 
carbonate  of  lime  is  concerned,  by  two  sources — by  organic  tests  in  suspenBi<m,  and 
by  chemical  precipitate.  The  lime  used  by  organisms  is  derived  from  the  solution 
to  which  it  is  partly  returned  by  re-solution,  but  another  part  is  deposited,  and  the 
sea  thus  suffers  constant  loss.  This  loss  is  supplied  by  the  streams  from  the  land. 
If  this  terrigenous  supply  is  less  than  the  amount  of  organic  deposit,  the  sea  will 
become  less  alkaline  and  will  more  efficiently  dissolve  calcareous  t-ests,  until  the 
solvent  is  satisfied.  If  the  land  contribution  is  continuously  equal  to  the  amount 
organically  subtracted,  there  will  be  equilibrium.  If  the  land  yields  more  carljonate 
of  lime  than  that  which  is  being  locked  up  in  organic  limestones,  the  alkalinity  of 
the  sea  will  gradually  increase  until  there  is  chemical  precipitation.  Tiiis  condition 
is  favored  by  the  entrance  of  lime-bearing  fresh  water  into  a  sea  free  from  active 
currents  and  exposed  to  evaporation  which  balances  the  inflow. 
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After  reviewing  the  conditions  under  which  lime  is  carried  from  the 
land  and  distributed  in  the  sea,  Willis  finds  that — 

The  lime  bronght  down  by  rivers,  though  nieasnrable  by  hundreds  of  thousands 
of  tons  per  annum,  is  so  widely  diffused  in  the  vast  volume  of  the  ocean  that  it 
escapes  recognition. 

There  are  several  instances  of  modern  limestone  formation  wliich, 
though  local,  illustrate  the  processes  of  cliemical  deposition  on  a  large 
scale.  A  reference  to  this  may  close  the  suggestion  concerning  lime- 
stone deposition  by  other  than  organic  means. 

Chemically  deposited  limestone  is  forming  in  the  sonthern  j)art  of 
Florida,  probably  over  extensive  areas.  It  occurs  in  the  Everglades, 
and  the  precipitation  is  in  two  forms: 

First,  from  the  mass  of  the  water  as  a  tlocculent  mud;  secoud,  from  the  lower 
layers  of  the  water  in  (contact  with  limestone  rs  crystals  forming  an  integral  part 
of  the  solid  rock. 

The  limestones  formed  upon  the  shores  of  the  Pleistocene  lakes 
Bonneville^  and  Lahontan,^  of  Utah  and  Nevada,  as  well  as  the  one  now 
developing  at  the  mouth  of  the  Rhone,  are  referred  to  as  examples  of 
limestones  formed  under  the  conditions  considered  in  the  preceding 
discussion. 

These  conditions  are  favored  at  the  mouth  of  the  Rhone  by  the  salinity  of  the 
Mediterranean  and  the  absence  of  wtrong  currents. 

The  examinati<m  of  a  few  thin  sections  of  limestone  of  different  ages,  from  Cam- 
brian to  the  present,  shows  that  tlie^  have  three  j)iiTieipal  types  of  structure.  There 
are  those  which  resemble  the  Everglades  limestcine  in  that  they  consist  of  more  or 
less  coarsely  crystalline  <!alcite,  yet  include  unaltered  organic  remains.  Of  these 
the  Trenton  limestone^  and  the  nuirbles  of  corresponding  age  in  Tennessee*,  which 
occur  in terstra titled  with  unaltered  calcareous  shales,  an*  the  most  striking  exam- 
ples examined.  Cambrian  limestones  and  the  Knox  dolomite  show  similar  crystalline 
structure.  The  second  type,  the  precipitated  sediment  which  forms  the  muds  of  the 
P2verglades  and  which  was  deposited  in  Lake  Bonneville,  is  represented  by  speci- 
mens composed  of  exceedingly  fine  grained,  apparently  pulverulent,  material;  the 
best  of  these  are  from  the  Knox  dolomite  and  the  Solenhofen  lithogra])lii('  stone. 
The  third  variety  of  limestone  consists  of  the  thoroughly  crystalline  marbles,  which 
contain  no  unaltered  material,  and  which  occur  in  such  Held  relations  that  they  are 
known  to  be  completely  metamorphosed.  Extended  study  is  required  to  determine 
the  nature  of  deposition  of  the  first  and  second  types.  They  may  have  been  organic 
and  have  suft'ered  moderate  alteration  only,  but  there  is  a  reasonable  presumption 
that  they  did  to  some  extent  crystallize  in  place  from  sea  water,  and  were,  to  a  still 
greater  extent,  precipitated  from  the  outsi)read  fans  of  fresh  wat^^r  radiating  from 
rivers'  mouths,  whence  they  spread  n»  fine  silt  over  the  bottom  of  the  sea.     .     .    . 

In  discussing  the  solubility  of  shells  in  sea  water  it  has  been  pointed  out  that  the 
layer  of  organic  miitter  which  accumulates  at  the  sea  bottom  contains  a  solvent 
formed  by  the  evolution  of  carbonic  acid  in  the  jjrocess  of  decay.  Through  this 
layer  all  sabstances  must  pass  before  they  can  become  part  of  a  lithified  stratum.  If 
they  are  plant  tissue  or  flesh  they  will  become  more  or  less  oxidized ;  if  they  are  cal- 
careous tests  they  will  be  more  or  less  <!ompletely  dissolved,  and  if  there  bo  any 
chemically  precipitated  lime  arriving  on  the  sea  bottom  it,  too,  would  b<^  dissolved 
in  this  menstrnam.     The  earlier  forms  of  dredge  which  scooped  into  the  sea  bottom 


»  Mon.  r. S. Geol.  Survey,  Vol. T, by  <1.  K.  Gilbert. 
*  Mon.  U.  S.  GeoL  Survey ,  Vol.  XI, by  1. C.Uu&%«XL 
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brought  np  a  mass  of  ooze,  formed  of  fine  particles^  burying  organic  forms.  The 
later  forms  of  dredge,  arranged  to  skim  the  surface  of  the  bottom,  bring  up  shells 
and  organisms  remarkably  free  from  mud.  Now,  it  may  be  conceived  that  the  layer 
of  mud  on  which  the  creatures  live,  die,  and  with  sunken  organic  remains  decay, 
grades  from  the  fresh  surface  of  recent  accumulations  downward  into  a  much  more 
completely  decayed  and  dissolved  mass,  and  that  this  rests  upon  a  surface  of  lime- 
stone. In  the  upper  part  of  this  unconsolidated  stratum,  carbonic  acid  may  most 
abundantly  be  evolved;  in  Uh  lowest  part  the  more  concentrated  solution  of  lime 
may  accumulate.  Then  it  is  conceivable  that  lithification  by  crystallization  of  the 
carbonate  of  lime  from  the  more  concentrated  Molution  is  constantly  proceeding  on 
the  limestone  surface.  If  this  conception  be  correct,  the  formation  of  limestone  by 
organic  means  involves  the  re-solution  and  crystallization  of  more  or  less  of  the  cal- 
cite  in  the  primary  formation,  and  only  those  organic  forms  can  remain  unchanged 
which  resist  the  solvent  action.  If  they  are  delicate,  as  the  trilobites'  branchia 
from  the  Trenton  limestones,  described  by  Waleott,  they  give  evidence  that  they 
were  rapidly  buried  and  protected. 

It  is  thought  by  «ome  that  limestones  are  evidences  of  organic  life  at  whatever 
period  of  sedimentary  history  they  were  deposited,  but  it  has  here  been  shown 
that  the  source  of  all  lime  in  the  sea  is  the  land,  and  that  under  conditions  exist- 
ing in  certain  localities  both  crystalline  limestone  and  calcareous  mud  are  now 
forming  chemically.  It  has  also  been  shown  that  lime  converted  into  organic  forms 
is  subtracted  from  that  which  would  otherwise  go  to  saturate  the  sea  water.  If, 
then,  in  any  early  age  of  the  earth's  history,  lime-using  organisms  were  not  present 
to  subtract  and  deposit  lime  from  sea  water,  and  if  the  atmospheric  agencies 
worked  then  as  now,  the  contributions  from  the  land  must  have  continually  added 
to  the  alkalinity  of  the  sea  until  chemical  precipitation  occurred.  Such  a  process 
must  have  been  limited  to  seas  rather  than  extended  to  oceans,  because  the  condi- 
tions of  delivery  of  lime  from  the  land  were  then,  as  now,  localized.  With  the 
development  of  marine  life  and  the  increased  demand  for  lime  for  organic  use,  and 
with  the  corresponding  deposition  of  organic  limestone,  the  sea  water  must  have 
become  less  alkaline,  and  the  conditions  of  chemical  precipitation  must  have  been 
still  more  restricted.  In  time  it  might  occur  that  pelagic  organisms  should  demand 
so  much  lime  for  circulation  from  the  water  to  calcareous  algte,  to  herbivorous,  and 
then  to  carnivorous  forms,  and  so  back  into  solution,  that  lime  could  escape  from 
solution  by  ]>reoipitation  only  under  exceptional  conditions.  If  it  be  true  that  the 
oceanic  oozes,  the  muds  of  the  Caribbean,  the  mud  fiats  of  Florida,  and  similar 
calcareous  deposits  in  difierent  seas  the  world  over,  be  wholly  organic,  then  marine 
life  has  locked  up  more  lime  than  the  continents  could  concurrently  supply,  and  the 
balance  is  now  turned  against  chemical  precipitation.    But  it  has  not  always  been  so. 

1^0.  47.    Lithographic  Stone. 

(From  Flint  Ridge,  Greenwood  County,  Kansas.    Described  by  J.  8.  Diller.) 

Lithographic  stone  is  a  limestone  characterized  by  its  very  line,  uni- 
form texture,  structure,  and  composition — so  fine  and  compact,  indeed, 
that  it  will  receive  very  delicate  markings  by  the  engraver's  tools,  as 
well  as  by  etching  with  acids  in  lithography. 

The  best  lithographic  stone  comes  from  the  neighborliood  of  Solen- 
hofen,  near  Munich,  in  Germany,  where  the  rock  is  extensively  quarried. 
Besides  the  uniformity  of  texture  and  composition  which  makes  it 
equally  resistant  throughout  to  the  engraver's  tool,  it  is  soft  enough  to 
be  easily  engraved  and  possesses  a  degree  of  porosity  which  renders  it 
properly  absorbent,  so  that  it  will  receive  and  retain  the  greasy  prep- 
%rationa  used  by  the  Jithographcr  iu  traurferring  and  printing. 
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Specimeu  No.  47  is  a  poor  example  of  lithographic  stone,  although  it 
is  one  of  the  best  that  could  be  readily  obtained  in  this  country.  It 
lacks  uniformity  of  texture  and  composition,  and  for  this  reason  is  not 
good  for  lithographic  purposes.  Under  the  microscope,  in  a  thin  section, 
it  is  seen  to  contain  not  only  very  fine-granular  carbonate  of  lime,  but 
also  numerous  angular  particles  of  quartz,  which,  although  usually  less 
than  0.02"'"'  in  diameter,  render  it  worthless  for  lithography.  The 
minute  particles  would  turn  the  engraver^s  tools  aside,  and  in  etching 
would  not  be  aiiected  by  acid,  like  the  surrounding  carbonate  of  lime. 
It  contains  also  numerous  small  patches  of  clear  calcite,  which  modify 
the  absorption  of  the  stone. 

'When  a  bit  of  this  stone  is  dissolved  in  acid,  a  large  amount  of 
residual  material  is  obtained  that  is  composed  (*.hieily  of  quartz. 
When  similarly  dissolved,  the  Solenhofen  stone,  used  in  printing  the 
United  States  Geological  Survey  maps,  leaves  a  considerable  insoluble 
residue  of  dark  argillaceous  matter  with  some  minute  grains  of  quartz, 
although  chemical  analysis  has  shown  that  in  many  cases  it  is  composed 
almost  wholly  of  carbonate  of  lime.  All  the  other  substances  it  con- 
tains put  together  rarely  make  as  much  as  4  per  cent  of  the  whole 
mass.^  A  simple  means  of  testing  the  lithographic  qualities  of  a  stone 
which  to  the  naked  eye  appears  so  fine  grained  and  homogeneous  as  to 
promise  to  be  of  use  for  lithographic  purposes,  is  to  examine  a  thin 
section  under  the  microscope.  If  the  stone  is  of  value,  it  will  appear 
homogeneous  in  comx)osition  and  have  a  very  fine  texture. 

Good  lithographic  stones  have  been  much  sought  for  in  this  country, 
but  thus  far  with  but  little  success.  Stones  have  been  found  in  several 
of  the  States  within  the  Mississippi  Valley  region,  but  so  far  as  known 
none  of  them  have  proved  very  satisfactory.  Some  rocks  have  been 
discovered  yielding  small  stones,  but  none  of  these  have  come  into 
extensive  use.  It  is  possible,  however,  that  good  lithographic  stone 
may  yet  be  found  in  this  country.  A  paper  by  Mr.  G.  P.  MerrilP  on 
lithographic  limestone  will  be  found  useful  to  students  and  others 
interested  in  this  subject. 

No.  48.    Hydraulic  Cement  Eock. 

(From  Akron,  Erie  County,  New  York.    Described  by  J.  S.  Diller.) 

Hydraulic  cement  rock  is  a  limestone  containing  nearly  half  as  much 
clay  as  carbonate  of  lime.  It  affords  a  quicklime,  the  cement  from 
which,  when  properly  prepared,  will  harden  under  water  to  a  stone- 
like mass.  On  this  account  the  rock  is  often  called  by  geologists^ 
hydraulic  limestone.    It  occurs  interstratified  with  other  limestones  of 

*  Paper  ADdPreM  (Philadelphia,  Jaouary,  1896),  Vol.  XXII,  p.  00. 

*The  Mineral  Indnatry,  by  R.  R.  Rothwull,  1893,  vol.  2,  p.  453. 

'Mr.  U.  Comminga,  general  manager  of  the  Standard  Cemeat  Company,  who  kindly  obtained  the 
tpedmena  of  bydranUo  cement  rock  for  this  series,  informed  me  that  the  tenu  hydraulic  limentone  i» 
in  the  trade  applied  to  a  Umeetone  that  contains  only  about  half  aa  mneh  clay  as  t\\«v  ectivctvl  tuc^V^vci^ 
that  the  lime  dwrtved  from  it  will  not  make  a  cement  that  wVVl  Yiardesn  un^cs  "waXAx . 
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various  compositions,  and,  in  places,  contains  fossils  of  marine  origin. 
The  cement  made  from  it  is  of  great  importance  for  building  purposes. 

Hydraulic  cement  rock  is  usually  of  a  gray  color,  and  has  a  more  or 
less  fine-granular  crystalline  structure.  Under  the  miscroscope  it  is 
seen  to  contain  a  large  number  of  angular  grains  of  quartz,  and  here 
and  there  a  grain  of  fresh  feldspar.  Some  of  the  feldspar  is  microcline, 
and  so  fresh  as  to  be  clear  and  show  distinctly  the  characteristic  crossed 
striations.  The  microscope  reveals  numerous  circular  spots  or  pellets, 
which  are  fine-granular,  and  contain  much  of  the  argillaceous  material. 

When  dissolved  in  acid  the  rock  leaves  a  large  amount  of  gray 
residual  material,  which,  under  the  microscope,  is  found  to  be  chiefly 
argillaceous,  with  much  quartz,  some  feldspar,  and  a  trace  of  a  few 
other  minerals.  These  represent  the  sediment  deposited  in  the  lime- 
stone while  forming. 

The  chemical  analysis  given  below,  by  George  Steiger,  shows  the 
large  amount  of  impurity  present;  and  that  the  greater  portion  of  it 
is  quartz,  with  much  clay,  is  evident.  It  seems  hardly  proper  to  call 
these  materials  impurities,  for  the  value  of  the  rock,  as  a  source  of 
cement,  depends  upon  their  presence  in  the  limestone. 

Analysis  of  oement  rock  from  Akron,  New  York, 


Total I     100.  21 


The  property  of  hardeniiig  under  water,  possessed  by  hydraulic 
cement,  is  attributed  to  a  chemical  union  of  the  clay  (silica  and  alumina) 
with  the  lime  and  water.  Mortar  made  of  ordinary  quicklime  will 
harden  only  upon  evaporating  to  dryness,  and  is  therefore  of  no  value 
for  many  of  the  most  important  structures. 

The  hydraulic  cement  rock  represented  by  specimen  No.  48  belongs 

to  what  is  called  tlie  Water  lime  group  in  the  upper  Silurian  system  of 

New  York,  where  it  is  extensively  used  for  making  cement,  especially 

in  Ulster  County.    Large  quantities  of  cement  rock  are  quarried  also 

in  IndJanii  and  Kentucky,  and  to  a  less  extent  at  various  points  in 
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Georgia,  Illinois,  Kaunas,  Maryland,  Missouri,  New  Mexico,  Ohio, 
Pennsylvania,  Texas,  Utah,  Virginia,  West  Virginia,  and  Wisconsin. 
The  total  product  of  hydraulic  cement  in  the  United  States  in  1895 
was  nearly  eight  million  barrels,  and  the  output  is  rapidly  increasing. 

Portland  cement,  which  is  of  the  same  character  as  the  hydraulic 
cement  already  referred  to,  is  made  in  England  by  mixing  70  per  cent 
of  chalk  with  30  per  cent  of  fine  mud  from  the  Thames.  It  is  now 
being  made  quite  extensively  in  this  country  from  a  nonmaguesian 
argillaceous  limestone. 

Information  concerning  the  production  of  cement  in  this  country  is 
published  annually  by  the  United  States  Geological  Survey  in  the 
report  on  the  Mineral  Kesources  of  the  United  States,  and  special 
mention  may  be  made  to  the  report  for  1891,  pp.  529  to  538,  the  report 
for  1894  (Part  III  of  tbe  Sixteenth  Annual  Eeport),  pp.  576  to  585,  and 
the  report  for  1896  (Part  V  of  the  Eighteenth  Annual  Eeport),  pp. 
1179-1182. 

No.  49.    Amorphous  Marl. 

(From  Cortland,  Cortland  Coitnty,  New  York.    Described  by  J.  S.  Diller.) 

A  belt  of  limestones  and  highly  calcareous  rocks  extends  across  the 
State  of  New  York  from  the  Niagara  to  near  the  Hudson.  During  the 
Glacial  period  much  material  from  this  belt  was  carried  in  the  drift 
southward,  so  that  there  is  a  broad  belt  in  which  the  springs  and  other 
waters  rising  in  tbe  drift  carry  mnch  carbonate  of  lime  in  solution. 

Ui)on  the  loss  of  the  carbonic  acid  by  means  of  which  the  carbonate 
is  held  in  solution,  as  well  as  by  means  of  plants  and  animals,  much  of 
the  carbonate  is  precipitated,  forming  calcareous  tufa  or  marl.  The 
calcareous  tufa  generally  contains  traces  of  the  vegetation  which  grows 
upon  the  bottoms  of  the  lakes  and  streams  or  upon  the  adjacent  slopes. 
On  the  other  hand,  the  marl  generally  contains  shells.  Marl  is  an 
earthy  calcareous  rock  in  which  the  carbonate  of  lime  is  intermingled 
with  much  clay,  sand,  or  other  earthy  material.  The  proportions  may 
vary  from  a  small  percentage  to  over  one-half  of  the  whole  mass. 
James  HalP  says  that  "  in  nearly  all  situations  the  muck  swamps  are 
underlain  by  a  deposit  of  calcareous  marl.  This  is  usually  very  finely 
pulverulent,  and,  though  cohering  when  wet,  is  very  friable  when  dry." 

Specimen  No.  49  is  of  this  character.  A  few  small  shells  of  both 
univalve  and  bivalve  mollusks  occur  in  it  where  the  specimens  were 
collected,  but  as  they  are  not  in  large  numbers  the  marl  appears 
amorphous,  although  in  other  portions  of  the  mass  shells  are  locally 
abnndant.  It  contains  94.32  per  cent  of  carbonate  of  lime,  and  is 
almost  completely  soluble  in  dilute  hydrochloric  acid,  leaving  a  whitish 
residue  composed  chiefly  of  more  or  less  rounded  grains  of  quartz. 

The  calcareous  material  is  very  fine-granular,  the  particles  averaging 
apparently  less  than  0.01"^"'  in  diameter,  while  the  associated  quartz 


» Geology  of  Kew  York,  Tart  IV,  Ift^^^v.-SBft. 
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grains  are  generally  about  six  times  as  large.  Both  are  crystalline, 
although  neither  shows  crystallographic  outlines.  The  carbonate  of 
lime  closely  resembles  that  obtained  by  pulverizing  the  contained  shells, 
and  suggests  that  it  may  have  originated  by  their  disintegration.  Pro- 
fessor Hall  remarks : ' 

In  the  greater  number  of  the  marl  beds  the  remains  of  flnviatile  testacea  are  very 
abundant,  though  it  is  only  in  a  few  situations  where  they  have  formed  any  large 
proportion  of  the  deposit.  The  shells  appear  to  have  flourished  in  immense  num- 
bers, probably  from  the  facility  with  which  they  obtained  calcareous  matter,  and 
other  favorable  circumHtances;  but  still  it  is  plain  that  the  formations  of  this  kind 
are  generally  due  to  calcareous  springs  or  to  the  percolation  of  rain  water  through 
the  surrounding  rocks,  which,  from  its  excess  of  carbonic  acid,  dissolves  the  calca- 
reous particles  in  the  soil  or  the  harder  strata. 

No.  50.    Shell  Mabl. 

(From  near  Rochester,  New  York.    Described  by  J.  8.  Diller.) 

A  few  miles  east  of  Eochester,  New  York,  is  a  small  place  which  until 
recently  was  a  swamp,  but  is  now  dry  land  and  cultivated.  Ori^ally 
it  was  a  small  lake,  which  was  gradually  filled  by  sediments  washed 
from  the  adjacent  slopes,  and  became  first  a  swamp  and  then  arable 
land.  In  the  lake  lived  numerous  mollusks,  whose  remains  were 
buried  in  the  mud  of  the  lake,  converting  it  into  marl.  As  the  shells 
may  still  be  plainly  seen,  the  material  is  shell  marl.  In  some  cases  the 
shells  are  so  abundant  as  to  form  the  greater  portion  of  the  mass,  but 
in  specimen  No.  50,  although  numerous,  they  form  but  a  small  portion 
of  the  whole.  When  the  marl  is  placed  in  dilute  acid  it  effervesces 
vigorously  for  a  short  time  only,  and  the  greater  portion  of  the  material, 
which  under  the  microscope  is  seen  to  be  composed  of  sand  and  argil- 
laceous matter,  with  traces  of  fibrous  vegetal  remains,  is  left  as  a 
residue. 

No.  51.    Diatom  Earth.    (Infusokial  Earth,  or  Tripolite.) 

(From  Whitk  Plains,  Churchill  County,  Nevada.   Described  by  J.  S.  Diller.) 

Diatom  earth,  sometimes  called  tripolite  (or  tripolyte^),  and  more 
frequently  infusorial  earth,  is  a  soft  earthy  material  like  chalk  (No.  39), 
volcanic  dust  (No.  58),  or  kaolin  (No.  149),  but  differs  from  all  of  these 
in  being  composed  chiefly  of  extremely  minute  siliceous  plants,  or  dia- 
toms. The  diatoms  were  once  included  under  the  general  term  "infu- 
soria," hence  the  name  infusorial  earth.  Tripolite,  or  tripoli,  takes  its 
name  from  the  country  in  Africa,  where  similar  material  occurs.  In 
that  case,  however,  instead  of  being  composed  of  diatoms,  it  appears  to 
be  derived  from  the  leaching  of  a  siliceous  limestone. 

The  shells  of  organisms  in  lacustrine  waters  of  limestone  regions,  as 
we  have  already  seen,  are  calcareous,  for  there  large  masses  of  calca- 
reous rocks  give  carbonate  of  lime  to  the  waters  of  the  lakes.    In 


»  (xeology  of  New  York,  Part  IT.  1843.  p.  361. 
'Dana's  Manoal  of  Geology,  4t\\  edition,  p.  81. 
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regions  where  the  prevailing  rocks  are  rich  in  silica  the  shells  of 
organisms  which  tioarish  in  the  waters  are  siliceous.  The  most  com- 
mon of  such  siliceous  organisms  are  diatoms,  a  very  minute  species  of 
plant,  of  which  there  are  many  forms.  A  few  of  these  are  illustrated 
in  Dana's  Manual  of  Geology,  fourth  edition,  pages  164  and  894.  Occa- 
sionally they  are  so  abundant  that  their  dead  shells,  falling  to  the 
bottom  of  the  water  in  which  they  lived,  accumulate  and  form  large 
deposits.  Such  deposits  are  common  in  the  volcanic  regions  of  the 
Northwest,  where  the  streams  carry  much  silica  from  decomx)Osiug 
lavas  and  are  occasionally  interrupted  and  ponded  by  outflows  of  new 
coulees.  Several  excellent  examples  of  such  ponding,  produced  by  the 
recent  outflows  of  lava  forming  dams  in  the  bed  of  the  stream,  occur 
along  Pit  Kiver  and  Klamath  Kiver,  in  northern  California.  In  such 
cases  there  was  developed  above  the  dam  a  temiwrary  lake  in  which 
diatoms  flourished  and  gave  rise  to  small  local  deposits,  now  exposed 
on  the  banks  of  the  river,  which  by  long-continued  corrasion  has  cut  a 
canyon  through  the  lava  and  drained  the  lake.  The  diatom  earth  of 
White  Plains,  Nevada,  forms  a  bed  of  larger  extent.  It  is  of  Miocene 
age,  and  has  been  tilted  with  the  associated  volcanic  rocks.'  Its  mode 
of  accumulation  is  illustrated  by  Shaler.^  Although  diatom  earth  is 
often  of  lucustral  origin,  it  is  produced  also  in  the  warm  waters  of  the 
siliceous  springs  of  the  Yellowstone  National  Park,  where,  as  Weed 
has  shown,  beds  3  to  6  feet  in  thickness  cover  many  square  miles.^ 

Diatoms  flourish  in  the  surface  water  of  parts  of  the  ocean,  especially 
in  the  South  Atlantic,  where  they  are  so  abundant  as  to  becloud  it  and 
where  they  serve  as  food  for  whales.  Their  remains  sink  to  the  bottom 
and  form  great  accumulations  of  diatom  ooze.'*  Their  tests,  unlike  the 
calcareous  ones  of  foraminifera,  are  insolable  and  may  sink  to  the 
bottom  of  the  deepest  ocean. 

Diatom  earth  is  found  in  many  parts  of  the  world,  and  is  extensively 
used  for  x>olishing.  It  has  been  used  also  as  an  absorbent  in  the  manu- 
facture of  explosives,  and  as  a  packing  about  steam  boilers.  The 
"silver  white"  of  commerce  is  diatom  earth. 

In  the  United  States  it  occurs  at  many  localities,  of  which  two  may 
be  mentioned.  Near  Eichmond,  Virginia,  it  forms  a  bed  30  feet  thick 
and  100  miles  in  extent;  and  near  Monterey,  California,  there  is  a  bed 
of  it  50  feet  in  thickness,  but  of  unknown  extent.  There  are  many 
other  localities.  The  output  for  1896  in  this  country  was  2,790  tons, 
valued  at  $16,042. 


>U.  S.GeoL  Expl.  Fortieth  Par.,  Vol.  I,  Systematic  Geology,  p.  421;  Vol.  II,  DcHcriplive  Geology, 
p.  770. 
*The  origin  and  nature  of  aoila :  Twelfth  Ann.  Kept.  TT.  S.  Geol.  Survey,  Part  1, 1891,  p.  316,  iig.  22. 
"Botanical  GaMtte,  Vol.  XIV,  No.  5,  p.  117, 1889. 
*  Reporta  of  the  Challenger  Expedition,  Deep  Sea  Deposits,  p.  208. 
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No.  52.    FossiLiFEROi's  Iron  Ore. 

(From  Roohestkr,  Nkw  York.    Described  by  J.  S.  Diixer.) 

The  rocks  of  the  Clinton  series,  exposed  along  the  Genesee  River, 
near  Rochester,  are  illustrated  in  PL  XXIII.  The  main  mass  is  a  thin- 
bedded  limestone  of  the  Clinton  series  in  the  upper  Silurian  system,  but 
near  its  base,  plainly  visible  in  the  figure,  is  a  bed  of  iron  ore — red 
hematite— illustrated  by  specimen  No.  52.  At  this  point  the  ore  bed 
has  a  thickness  of  14  inches.  Twenty  miles  to  the  east  it  attains  its 
greatest  thickness,  24  inches.  Westward  from  Rochester  the  ore  bed 
extends  only  a  short  distance,  for  it  does  not  reach  the  Niagara  River. 
To  the  south,  however,  in  the  Appalachian  region,  it  has  a  remarkable 
distribution.  Sometimes  there  is  only  one  bed,  as  at  Rochester;  then 
again  there  may  be  three  beds,  ranging  from  1  foot  to  10  feet  in  thick- 
ness. They  can  be  traced  from  New  York  through  Pennsylvania, 
Virginia,  Kentucky,  and  Tennessee  into  Alabama.  They  occur  also  in 
Wisconsin. 

The  ore  is  usually  fossiliferous,  as  is  specimen  No.  52^  and  is  sometimes 
called  *'  red  fossil  ore."  At  other  times  it  is  oolitic,  and  is  referred  to 
as  the  oolitic  iron  ore;  also  as  the  Clinton  ore,  on  account  of  its  age 
and  place  of  best  exposure.  The  fossils  are  (*hiefly  broken  crinoids  and 
bryozoa. 

The  rock  is  made  up  of  flattish  or  elongated  grains,  many  of  which 
are  fragments  of  shells,  but  when  seen  in  the  hand  specimen  all  appear 
to  be  oxide  of  iron.  [Jnder  the  microscope,  however,  these  fossil  frag- 
ments are,  in  most  cases,  found  to  be  only  partially  made  up  of  iron 
ore.  In  some  cases  there  is  a  line  coating  of  the  oxide,  such  as  may  be 
seen  about  the  grains  of  beach  sand,  as  well  as  about  the  grains  of 
many  sandstones  and  quartzites,  but  generally  it  is  thicker  than  a  mere 
coating,  and  in  many  cases  it  completely  replaces  the  carbonate  of  lime 
of  the  original  fossil.  Some  of  the  grains  look  oolitic,  but  in  a  thin 
section  no  concentric  or  radial  arrangement,  suggesting  concretionary 
structure,  was  observed.  At  many  other  places,  however,  as  shown  by 
Smyth,^  the  oolitic  structure  is  well  developed.  In  specimen  No.  52  the 
cement  binding  the  ferruginous  grains  together  is  calcite  and  silica. 
They  may  be  intermingled  or  may  occwt  separately,  but  in  either  case 
the  cement  contains  but  little  oxide  of  iron.  The  silica  is  occasionally 
radial- fibrous  and  optically  negative,  like  chalcedony. 

By  dissolving  a  fragment  of  this  ore  in  hydrochloric  aidd,  after  the 
carbonate  of  lime  has  conii)letely  disappeared  it  is  found  that  the  ore 
is  intimately  associated  with  much  silica,  which  is  not  easily  recognized 
before  the  carbonates  are  removed.  Upon  close  examination  of  a  thin 
section  a  considerable  part  of  the  carbonate  of  lime  in  the  fossil  frag- 
ments is  seen  to  be  replaced  by  silica. 


»Aiu.  Jour.  Sil.,  June.  1891, 3«l  wries,  Vol.  XLIl I,  i>.  487. 
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When  this  rock  is  long  exposed,  at  or  near  the  surface,  to  atmos- 
pheric influences  and  drainage,  it  is  softened  by  the  removal  of  much 
of  the  carbonate  of  lime  cement,  and  thus  the  proportion  of  oxide 
of  iron  is  greatly  increased,  making  the  rock  a  valuable  ore  of  iron. 
Below  drainage  the  carbonate  of  lime  is  not  removed,  and  the  rock  is 
harder  and  of  less  value  for  the  iron  it  contains;  but  as  it  affords  the 
necessary  flux  for  more  siliceous  ores,  it  may  still  be  used  for  its  iron. 
It  is  important,  however,  to  note  that  the  ore  in  both  cases  is  the  anhy- 
drous oxide  of  iron — that  is,  red  hematite — and  not  the  carbonate,  or 
limonite,  as  might  be  expected  from  its  association  with  carbonate  of 
lime. 

This  ore  has  been  extensively  used  of  late  years  in  the  Southern 
States,  especially  at  Birmingham,  Alabama,  and  at  various  points  in 
Tennessee.  Originally  it  was  considerably  used  in  Tennessee,  not  only 
as  a  source  of  iron,  but  also  in  dyeing,  and  it  has  been  known  in  that 
region  for  many  years  as  the  '^dyestone  ore." 

The  fossiliferous  and  bedded  character  of  this  ore,  and  its  extensive 
distribution,  are  altogether  exceptional,  so  that  its  origin  is  a  matter 
of  much  interest.  James  IlalP  regarded  it  as  derived  from  pyrite,  in 
part  at  least,  through  the  action  of  thermal  waters,  but  this  view  has 
long  since  given  place  to  other  hypotheses. 

The  facts  that  the  oxide  of  iron  in  the  bed  replaces  bryozoa  and  other 
calcareous  fossils,  and  that  below  the  drainage  level  the  rock  is  largely 
carbonate  of  lime,  have  led  to  the  view  that  the  ore  originated  entirely 
by  the  replacement  of  limestone  after  the  strata  were  tilted  up  into 
their  present  position.  This  view  was  advocated  by  A.  F.  Foerst^,^ 
and  especially  by  James  P.  Kimball.  * 

The  type  locality  of  the  rocks  of  the  series  to  which  the  iron  ore 
belongs  is  at  Clinton,  New  York,  where,  instead  of  one  bed,  there  are 
three  beds  of  ore,  and,  as  pointed  out  by  C  H.  Smyth,  they  are 
associated  with  shales,  sandstones,  and  conglomerates,  whose  ripple 
marks  and  mud  cracks  clearly  indicate  the  littoraT  condition  under 
which  they  were  deposited  along  the  borders  of  an  interior  sea  that 
once  filled  the  Mississippi  Valley,  and  at  an  earlier  stage  of  its  history 
deposited  the  great  mass  of  limestone  noted  in  the  description  of 
specimen  No.  40  (p.  127).  The  abundance  of  marine  life  furnished  the 
material  for  the  coquina-like  accumulation  of  shells,  and  the  strejims 
of  the  adjacent  lands  brought  the  oxide  of  iron  to  tide-washed,  salt- 
water flats,  where,  in  the  association  of  the  two,  the  deposit  of  iron 
originated. 

According  to  Dana,*  "The  beds  were  evidently  made  over  tide- 
washed,  salt-water  flats,  where  trituration  is  gentle.  They  indicate  a 
wonderful  degree  of  uniformity  in  continental  level  over  a  wide  area.-' 


*  Geology  of  New  York,  part  4,  p.  61. 
•Am.  Joar.  Sci.,  Jan.,  1891,  :ul  serlefl,  Vol.  XLT.  p.  28. 
•Am.  Geologist,  Doc.  1801.  Vol.  VIII.  pp.  356-357. 
'Dana's  Mannal  of  iicolo^y,  4tli  ed.,  v-  ^^<> 
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The  oolitic  structure  of  the  ore,  as  shown  by  JS^ewberry/  favors  the 
view  which  regards  the  ore  as  an  original  deposit  instead  of  a  subse- 
quent replacement  of  the  limestone. 

C.  Willard  Hayes  has  recently  examined  many  of  the  Clinton  iron- 
ore  mines  of  Tennessee,^  Georgia,  and  Alabama  with  special  reference 
to  data  concerning  the  origin  of  the  ore,  and  he  reports^  that  he  has 
never  found  it  passing  into  a  nonferruginous  limestone.  '^  While  it  is 
true  that  the  proportion  of  iron  to  lime  in  the  unweathered  ore  varies 
in  some  cases  rather  rapidly,  it  is  quite  as  apt  to  vary  along  the  strike 
as  upon  the  dip,  showing  that  the  variation  is  original  and  not  con- 
nected with  depth  below  the  surface.''  His  observations  lead  him  to 
conclude,  as  did  Newberry  and  Smyth,  that  the  iron  ore  is  an  origiixal 
constituent  of  the  bed,  and  is  not  due  to  later  replacement. 

No.  53.    Peat. 

(From  North  Cambridge,  Middlesex  County,  Massachusetts.   Described  by 

Georob  Otis  Smith.) 

Peat  is  of  recent  origin,  and  the  processes  of  its  formation  can  be 
observed  by  anyone  who  has  opportunity  to  visit  a  swamp.  It  is  gen- 
eraUy  formed  by  the  accumulation  of  moss-like  plant  matter  that  has 
been  preserved  from  the  usual  decay  by  moisture  which  prevented  the 
free  access  of  air.  Classified  by  origin,  peat  may  be  termed  phytog- 
enous  and  sedimentary;  with  respect  to  composition,  it  is  essentially 
carbonaceous.  The  specimen  of  this  collection  well  exhibits  the  char- 
acter of  peat  in  its  dry,  compact  form,  in  which  it  is  used  as  a  fuel.  In 
color,  it  is  dark  brown  or  black;  in  texture,  somewhat  earthy,  but 
with  almost  all  of  the  characteristics  of  matted  plant  fibers.  In  its 
natural  condition  peat  varies  much  in  degree  of  compactness  and  the 
amount  of  water  it  contains. 

Peat  is  a  sedimentary  deposit  in  stagnant  or  almost  stiignant  water. 
Thus  the  plant  remains  are  usually  deposited  in  close  proximity  to  the 
place  of  growth,  and  often  the  growing  plants  are  in  contact  with  the 
underlying  ];)eat,  which  simply  represents  past  generations  of  the  same 
species.  Peat-forming  conditions  obtain  in  countries  of  humid  tem- 
perate or  subarctic  climate.  The  places  of  peat  accumulation  are  small 
lakes,  marshes,  or  bogs,  where  the  moisture  favors  both  the  growth  of 
mosses  and  water  plants  and  the  preservation  of  their  remains.^  The 
drainage  modifications  which  have  resulted  from  the  glacial  invasion 
have  favored  the  existence  of  such  swamps  and  bogs  in  the  northern 
parts  of  this  country;  but  in  Ireland  peat  bogs  il,ttain  the  greatest 
extent,  one  having  an  area  of  over  100  square  miles,  with  the  deposit 
of  peat  almost  50  feet  thick. 


>Tlie  genesis  of  our  iron  ores,  by  J.  S.  Newberry:  School  of  Mines  Quart.,  Nov.,  1880,  Vol.  U, 
pp.  13-14. 
*  Geologic  Atlas  U.  S.,  folio  8,  Sewanee,  Tenn. 
■Letter,  June  10,  1896. 

^ I*rofessor  Sb»ler  gives  the  best  description  of  these  marsh  conditions,  in  his  paper  on  Fresh-water 
morMftes  of  tho  Unitetl  States:  Tenth  Ann.  Il«y»t.  V.  S.  Geo\.  Survey, \8»0,VP.^i»-339. 
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Specimen  No.  53  was  collected  in  North  Cambridge,  Massachusetts, 
where  it  occurs  in  a  small  basin  eroded  in  brick  clay  similar  to  No.  8  of 
this  collection,  aud  of  inter-Glacial  age.^  The  shallow  pond  has  been 
filled  during  post-Glacial  time  by  this  deposit  of  plant  remains,  which 
is  from  3  to  4  feet  thick.  In  the  lower  part  of  this  deposit  the  peat  is 
compact  and  composed  of  finely  comminuted  material,  which  grades 
upward  into  a  vegetal  mat,  on  the  surface  of  which  the  peat-makiug 
plants  are  growing  in  some  places.  The  origin  of  the  compact  peat  is 
thus  clearly  shown. 

Many  varieties  of  peat  have  been  distinguished,  classification  being 
based  upon  the  kind  of  x)eat-forming  plants,  or  upon  the  physical  and 
chemical  characters  of  the  peat  itself.  The  amount  of  carbon  present 
varies  from  50  to  62  per  cent,  but  usually  there  is  little  increase  over  the 
amount  contained  in  peat  moss,  Sphagnum.  The  principal  use  of  peat 
is  as  a  fuel,  but  it  is  far  inferior  to  other  faels;  and  it  is  also  used  as  an 
absorbent  and  as  a  fertilizer. 

No.  54.    Cannel  Coal. 

(Fkom  Wallins  Ckjuek,  Haulan  County,  Kentucky.    Described  by  Geokgk 

Otis  Smith.) 

Goal,  like  peat,  is  composed  essentially  of  carbon  derived  from  vege- 
tal matter  accumulated  under  conditions  in  which  water  played  an 
important  jiart.  It  may  therefore  be  regarded  as  a  phytogenous  sedi- 
mentary rock,  but  it  is  unlike  peat  in  all  its  physical  and  chemical 
characters,  and  far  superior  to  it  in  economic  importance.  Coal  is  not 
believed  to  have  been  deposited  as  coal,  hence  its  origin  needs  to  be 
discussed  under  two  heads — the  conditions  of  accumulation  and  the 
character  of  subsequent  change.  Peat  has  been  defined  as  simply  pre- 
served plant  debris,  aud  is  essentially  an  unaltered  rock ;  but  in  the  case 
of  coal  the  changes  subsequent  to  deposition  have  been  considerable. 
This  alteration  has  consisted  of  changes  in  structure  or  texture  and  in 
chemical  composition.  Thus,  the  coal  specimens  might  be  described 
later  as  altered  rocks  were  it  not  for  their  natural  relation  to  the  peat 
just  desciibed. 

That  coal  represents  old  deposits  of  vegetal  matter  is  well  proved  by 
both  its  megascopic  and  its  microscopic  structure.  Distinct  plant  im- 
pressions are  often  seen  on  coal.  Logs  are  found  changed  to  coal,  and 
its  inner  structure  in  many  cases  is  fibrous  or  cellular.  The  microscojie 
reveals  even  delicate  spores  as  constituents  of  coal.  The  fossil  leaves 
and  other  plant  remains,  which  are  so  abundant  in  the  associated  shales 
and  sandstones,  strengthen  the  proof  of  its  organic  origin.  Goncerning 
the  conditions  of  accumulation  of  this  mass  of  plant  debris,  two  rival 
hypotheses  may  be  mentioned,  but  a  complete  discussion  of  them  would 
involve  the  consideration  of  the  most  complex  of  geologic  phenomena. 


*The  glAclal  brick  clays  of  Rhode  Island  and  8oathea»t«rn  MassachuaetU;  Chap.  Ill,  The  clava 
about  BoatoD.  by  C.  F.  liArbut  and  J.  B.  Wood  worth;  iS«\ou\«ttU\.\v  X\ax.  ^&a^V^^  .  ^.  ^^f^.^x&^'ti^x 
Parti,  1806^  jp]i.*8e»-MK. 
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The  one  hypothesis  gives  to  coal  a  growth-in-place  origin,  the  other  a 
drift  or  transport  origin. 

The  growth-in-place  origin  involves  a  comparison  of  Paleozoic  coal 
beds  and  recent  peat  deposits.  The  hypothesis  extends  peat-forming 
conditions  over  vast  areas,  and  pictures  a  luxuriance  of  vegetation 
hardly  to  be  comprehended  from  our  knowledge  of  present  conditions. 
Such  a  view  is  supported  by  the  presence  of  the  underclay,  supposed 
to  represent  the  soil  which  supported  this  growth,  and  also  by  the 
frequent  occurrence  of  roots  (Stigmaria)  in  this  clay  and  of  tree  trunks 
in  the  sandstone  above  the  coal.  An  accumulation  as  great  as  that 
represented  in  the  coal  beds  seems  to  imply  tropical  vegetation;  yet  the 
process  was  one  of  preservation  as  well  as  of  production  of  the  organic 
matter.  The  climate  that  would  promote  the  latter  might  prevent  the 
former,  since,  as  has  been  stated  in  the  description  of  peat,  accumula- 
tion of  vegetal  matter  takes  place  to-day  only  in  humid  temperate  and 
subarctic  climates. 

The  drift  origin  of  coal  deposits  involves  sedimentation  processes 
differing  somewhat  from  those  which  have  produced  other  sedimentary 
rocks.  Sedimentation  of  this  character  would  take  place  in  the  quiet 
waters  of  marginal  lagoons,  into  which  abundant  vegetal  matter  drifts. 
Along  the  margins  of  these  lagoons  marsh  vegetation  would  flourish, 
and  here  subaerial  decay  and  subacjueous  preservation  might  proceed 
side  by  side.  The  invasion  of  currents  bearing  mud  or  sand  into  portions 
of  the  lagoons  would  occasion  the  deposition  of  shale  or  sandstone ;  and 
thus  the  splitting  of  a  coal  bed  may  be  explained  as  a  simple  phenome- 
non of  sedimentation. 

The  two  hypotheses  have  much  in  cx)miiioii.  Both  involve  base-level 
conditions,  luxuriance  of  vegetation,  and  slow  subsidence  of  the  area 
of  accumulation.  They  differ  in  that  growth-in-place  necessitates 
subsidence  of  an  oscillatory  character  to  explain  the  alternation  of 
coal  beds  and  subaqueous  sediments,  while  the  sedimentation  of 
drift  material  needs  only  slow  subsidence,  possibly  somewhat  intermit- 
tent. Both  hypotheses  are  ably  supported,  the  latter  receiving  more 
attention  from  later  workers  on  the  subject.  It  is  reasonable  to  believe, 
moreover,  that  the  coal  deposits,  with  so  great  a  distribution  both  geo- 
logically and  geographically,  have  not  all  had  exactly  the  same  origin, 
and  that  even  in  the  same  coal  field  ])oth  hypotheses  may  be  necessary 
to  explain  all  the  phenomena. 

The  subsequent  alteration  of  thcvse  deposits  of  carbonaceous  debris 
has  resulted  in  the  destruction  of  much  of  the  organic  structure  and 
in  <iuite  marked  chemical  changes.  Peaty  fermentation  doubtless 
initiated  such  changes,  while  later  geological  processes  contributed  to 
the  metamorphism.  It  must  be  noted  that  the  metamorphism  has  been 
selective,  the  associated  shales  and  sandstones  remaining  unaltered. 
This  is  explicable  from  the  readiness  with  which  hydrocarbon  com- 
pounds respond  to  changes  in  their  physical  envinmment.     Increase  of 
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temperature  and  of  pressure  attending  the  folding  and  faulting  of  the 
rocks  of  the  coal  formation  has  caused  the  chemical  changes  Avhich 
constitute  the  diflference  between  woody  fiber  and  coal.  The  alteration, 
in  short,  consists  of  a  decrease  in  volatile  or  gaseous  constituents  and 
a  corresx)onding  relative  increase  in  carbon.  The  principal  physical 
change  has  been  a  corresponding  loss  of  volume,  and  from  comj>ression 
there  have  resulted  various  structures  more  or  less  characteristic  of  the 
different  varieties  of  coal.  These  changes  have  been  slow,  but  the 
degree  of  alteration  attained  in  some  of  the  Tertiary  coals  shows  that 
time  is  not  the  most  important  factor.  Coal  beds  are  found  in  forma- 
tions of  the  Paleozoic,  Mesozoic,  and  Tertiary  ages,  but  the  Carbonifer- 
ous coals  are  the  most  important,  and  the  coal  specimens  described 
below  are  all  of  this  age. 

Cannel  coal  is  black  in  color,  with  a  rather  dull  luster,  compact  and 
homogeneous  in  texture,  and  with  a  tiat  conchoidal  fracture,  although 
often  with  a  flssility  approaching  that  of  shale.  Its  specific  gravity 
is  lower  than  that  of  most  bituminous  coal,  but  higher  than  that  of 
lignite  or  brown  coal.  Chemically,  cannel  coal  is  characterized  by  its 
richness  in  volatile  hydrocarbons — a  quality  which  makes  it  preemi- 
nently a  gas  coal.  Its  name,  cannel,  or  candle,  was  given  because  of 
the  readiness  with  which  it  burns  with  a  bright  flame,  so  that  pieces 
were  used  as  candles  by  the  poor  people  in  England. 

Cannel  coal  is-more  clastic  in  character  than  other  coals,  and  is  com- 
posed of  carbonaceous  material  thoroughly  macerated.  Fossil  fishes 
and  remains  of  other  aquatic  animals  are  often  found  associated  with 
cannel  coal,  showing  its  sedimentary  origin.  The  proportion  of  impuri- 
ties or  ash  is  larger  than  in  other  coals,  and  cannel  coal  thus  grades 
into  carbonaceous  shale  by  increase  in  amount  of  clayey  material. 

The  specimens  of  this  collection  came  from  the  Carboniferous  area  of 
southeastern  Kentucky.  Here  the  measures  lie  in  a  broad  syncline, 
with  a  gentle  fold  as  its  southeastern  limit,  and  an  overthrust  fault 
bounding  it  on  the  northwest.  Analyses  of  cannel  coal  from  the  same 
part  of  the  basin  show  a  rather  low  i^ercentage  of  carbon,  with  ash 
amounting  to  over  25  per  cent. 

No.  55.    Bituminous  Coal. 

(From  Georges  Creek,  Axlegany  County,  Maryland.    Deschihkd  uy  (iEoucE 

Otis  Smith.) 

This  coal  is  intensely  black,  with  a  velvet  or  pitch  luster  and  a 
cubical  or  uneven  fracture.  A  block  of  bituminous  coal  usually  shows 
a  banded  structure,  with  some  of  the  bands  dull,  others  bright  and  glis- 
tening. The  hardness  of  this  coal  is  less  than  that  of  anthracite,  hence 
its  common  name,  soft  coal;  and  it  soils  the  hand,  thus  differing  from 
cannel  coal.  Its  specific  gravity  varies  from  1.2  to  1.5.  Chemi(;ally,  it 
varies  considerably  in  the  proportion  of  carbon  and  volatile  constitu- 
ents, but  is  intermediate  in  composition  between  anthracite  a.wd  Vv^vs\\3^. 
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Bituminous  coal  ignites  easily,  bums  with  a  yellow  flame,  and  gives  oft 
much  smoke.  The  rapidity  of  its  combustion  fits  it  for  general  use  in 
the  industries,  while  certain  varieties  are  especially  adapted  for  the 
production  of  gas  and  coke. 

The  Georges  Greek  Basin,  from  which  locality  this  specimen  was  col- 
lected, is  situated  in  western  Maryland.  It  is  a  shallow  basin  of  Goal 
Measures,  containing  several  valuable  beds  of  coal.  The  ^^  Big  Vein," 
which  occurs  near  the  top  of  the  1,200  feet  of  Garboniferous  rocks  here 
exposed,  is  correlated  with  the  Pittsburg  coal  bed,  the  most  valuable 
of  the  Appalachian  field.  It  forms  tbe  lowest  member  of  the  upper 
Goal  Measures,  and  its  structure  persists  over  large  areas,  showing  wide 
prevalence  of  nearly  uniform  conditions  at  the  time  of  its  deposition.* 
The  coal  represented  by  specimen  No.  55  is  a  high-grade  coal,  standing 
well  in  the  market. 

No.  50.    Anthracite  Goal. 

(From  Gilbertox  Mink,  Schuylkill  County,  Pennsylvania.    Described  by 

George  Otis  Smith.) 

As  will  be  observed  from  an  examination  of  this  specimen,  anthra- 
cite coal  is  black,  but  with  a  bluish  or  brownish  tinge.  Its  luster  is 
adamantine  to  snbmetallic  and  its  fracture  is  plainly  conchoidal.  It  is 
dense  and  brittle,  and  no  megascopic  structure  can  be  distinguished, 
yet  the  microscope  sometimes  reveals  traces  of  plant  remains.  Anthra- 
cite is  the  hardest  and  heaviest  of  all  the  coals,  with  a  hardness  of  2 
to  2.5  and  a  si)ecific  gravity  of  1.4  to  1.7.  Its  chemical  characteristic 
is  the  high  proportion  of  carbon,  which  ranges  from  85  to  92  per  cent 
in  the  Pennsylvania  anthracite  and  is  known  to  reach  even  95  per 
cent  in  the  anthracite  of  Wales.  Because  of  the  decrease  in  volatile 
constituents,  anthracite  ignites  with  more  difficulty  than  does  bitumin- 
ous coal,  and  burns  with  a  small  bluish  flame  and  no  smoke,  but  afifords 
more  heat,  pound  for  pound,  than  any  other  coal. 

The  locality  from  which  this  anthracite  was  coUecteil  is  in  the  Western 
Middle  Anthracite  Field  of  Pennsylvania.^  The  eastern  basin  of  this 
field  is  a  long  and  narrow  spoon-shaped  syncline,  subdivided  by  anti- 
clines into  many  smaller  basins.  Overturned  strata  are  quite  common, 
and  the  coal  beds  of  this  area  are  steeply  inclined,  the  average  dip 
being  not  less  than  35°  to  40o.  Such  close  folding  has  tended  to  crush 
the  coal,  thus  increasing  the  proportion  of  waste. 

The  chemical  and  physical  characteristics  of  anthracite  are  such  a« 
seem  due  to  a  greater  degree  of  alteration  than  that  attained  in  the 
other  coals.  It  has  been  suggested  that  there  were  differences  in 
the  original  vegetal  deposits,  since  beds  of  anthracite  have  been  found 
between  or  even  above  beds  of  bituminous  coal.    However,  these  rela- 


'The  stratigraphy  of  the  bitummoa»*coal  fields  is  describwl  by  I.  C.  Whito  in  Bull.  U.  S.  OeoL 
Surrey  "So.  65. 
'  '^''soiibed  in  tlio  FiiuU  Report  of  the  Peuubylvania  Gool.  Survey,  vuL  3,  Part  I,  Chap.  CXXI. 
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tions  are  exceptional,  and  it  is  well  known  that  in  the  same  bed 
bituminous  coal  may  grade  into  anthracite,  and  in  many  cases  this 
change  is  seen  to  be  the  result  of  contact  metamorphism.  Perhaps 
the  best  Instances  of  alteration  are  found  in  the  Cretaceous  coals  of  the 
Anthracite-Crested  Butte  area  in  Colorado.'  The  noncoking  bitumi- 
nous coals  are  found  in  regions  of  least  metamorphism,  the  coking  coals 
in  the  localities  of  more  advanced  alteration,  and  the  anthracite  only 
in  areas  of  great  regional  metamorphism  or  in  the  neighborhood  of 
large  bodies  of  porphyrite.'^ 

If  the  metamorphism  of  coal  beds  is  more  profound,  the  coal  becomes 
graphitic,  as  is  the  case  in  the  anthracite  of  Khode  Island. 

In  short,  there  is  a  complete  gradation  in  chemical  composition  from 
wood  which  contains  about  50  per  cent  of  carbon  to  graphite,  which  is 
pure  carbon.  Intermediate  members  of  this  series  are  the  peat  and  the 
coals  which  have  already  been  described.  The  group  is  a  natural  one, 
the  members  having  an  origin  essentially  the  same,  but  with  present 
characters  dependent  upon  the  degree  of  subsecjuent  alteration. 

UNALTERED  IGNEOUS  ROCKS. 

No.  57.  Dike. 

(From  Williamsons    Point,   Lancjastkk    C^ounty,   Pennsylvania.     Dksckibkd 

BY  .1.   S.   DiLLKU. ) 

By  the  activity  of  forces  not  fully  understood,  tissures  (great  and 
small)  are  produce^  in  the  rocks  at  and  near  the  earth's  surface  and 
filled  from  below  with  molten  rock  material.  Such  rock-filled  fissures 
are  dikes.  They  are  common  in  volcanic  regions,  and  illustrate  one  of 
the  forms  of  connection  between  the  volcanic  effusions  u^wn  the  sur- 
face and  the  highly  heated  interior  of  the  earth  in  which  the  lavas 
originate.  They  are  generally  nearly  vertical,  as  in  PI.  XXIV,  break- 
ing through  sedimentary  as  well  as  igneous  rocks,  and  occasionally 
show  a  marked  columnar  structure  perpendicular  to  the  walls  of  the 
dike,  like  that  of  specimen  No.  103.  Specimen  No.  57,  which  includes 
the  whole  thickness  of  the  dike,  shows  the  cross  fractures  distinctly. 
This  jointing  was  determined  by  the  cooling  influence  of  the  adjacent 
rocks. 

Dikes  range  in  size  from  a  few  inches  to  several  hundred  feet  in 
thickness  and  from  a  few  rods  to  miles  in  length.  Igneous  rocks  such 
as  lorm  dikes  are  generally  harder  than  the  adjoining  rocks,  so  that 
they  are  able  longer  to  withstand  the  destructive  influence  of  weather- 
ing, and  give  rise  to  ridges  which  may  be  tracked  for  miles.  The  same 
dike  may  not  continue  for  many  miles,  but  the  group  to  which  it  belongs 
may  be  more  or  less  continuous  for  long  distances.     In  connection  with 


>  Geologic  AUae  U.  S.,  folio  9.  Aiitbrucit('-C?re8t«*<l  Butte. 
*£ldridge,  dencrlptive  text  of  folio  1). 

BuU.  150 ^10 
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the  Triassic  formation  of  the  Atlantic  coast,  they  extend  with  inter- 
ruptions from  Massiichusetts  to  North  Carolina. 

The  material  of  lar^e  dikes  cools  more  slowly  than  that  of  small  dikes, 
and  becomes  more  coarsely  crystalline.  Small  dikes,  like  specimen  No. 
57,  are  usually  fine  grained.  Large  dikes  are  in  general  more  coarsely 
crystalline  in  the  middle  than  ui)on  the  borders,  where  they  come  in 
contact  with  the  country  rock  and  are  sometimes  glassy.  A  number 
of  volcanoes  may  be  in  line  on  the  same  fissure,  affording  escai)e  at 
certain  points  for  the  rising  magma.  In  other  places  the  outflow  upon 
the  surface  appears  to  have  taken  place  all  along  the  fissures  in  sheets, 
as  observed  by  Eussell,*  Le  Conte,^  and  others. 

Dikes  may  occur  in  radial  groups  about  a  volcano.  Volcanoes  some- 
times become  plugged  up,  and  the  great  pressure  of  the  molten  material 
wnthin  bursts  the  mountain  asunder.  The  fissures  afibrd  an  escape 
for  the  magma,  and  dikes  are  produced.  This  arrangement  is  well 
marked  in  the  Highwood  and  Crazy  mountains,  as  well  as  other  moun* 
tains  in  Montana^  and  about  the  Spanish  Peaks  of  Colorado/  Mount 
Etna  affords  an  illustration  of  such  a  group  in  connection  with  an  active 
volcano.  Upon  its  slopes  are  numerous  minor  rents  arranged  in  lines 
radiating  from  the  main  crater. 

Like  Joints,  dikes  may  occur  in  parallel  or  intersecting  systems. 
Where  they  intersect,  their  relative  age  can  be  determined;  the  newer 
cut  across  the  older. 

Many  kinds  of  igneous  ro(;ks,  both  plutonic  and  volcanic,  occur  in 
dikes.  Some  forms  are  known  only  in  dikes,  and  for  this  reason  have 
been  placed  in  a  separate  group  by  some  authors.* 

The  most  common  of  all  dike-forming  rocks  is  probably  diabase,  the 
group  to  which  the  small  dike  illustrated  by  specimen  No.  57  belongs. 

GR^V^ITE-HIIYOJ^TE  FAMILY. 

No.  58.  Volcanic  Dust  (rhyolitic  ?). 

(From  (Ullatin  Vallky,  (tallatin  CJountv,  Montana.     Described  «y  J.  P. 

Iddinus.) 

This  line  dust  forms  a  deposit  about  20  feet  thick  within  Neocene 
lake  beds  of  the  Gallatin  Valley,  Montana,®  where  it  has  been  studied 
by  A.  0.  Peale.  The  major  part  of  these  lake  beds  consist  of  volcanic 
dust,  similar  Imt  less  pure,  and  i>resumably  brought  into  the  lake  basins 
by  waters  from  the  neighboring  slopes,  where  it  has  been  deposited  by 
the  wind.    The  purer  material  occurring  in  these  l»eds  is  considered  to 

'  Bull.  U.  S.  (i»*ol.  Survt  y  No.  108,  pp.  11  aud  IS. 
*  Am.  Jour.  S<'i.,  3d  sorit-H,  Vol.  Vll,  ]».  167. 

■HighwiKxl  MouutuiuH  of  Montana,  l»y  Walter  II.  Wwd  and  Louis  V.  Pintwm:  Bull.  Geol.  Soc. 
rica,  vol.  6,  p.  3«2.    St-r,  also.  (itH>lo«:ir  Atlas  V.  S.,  Litth-  Iklt  folio,  by  W.II.  Wetnl. 
>logic  Atlas  r.  S.,  Spanisli  IVakH  folio,  by  II.  C.  Hills, 
ij^l^csteini*  *  of  Koscnlmftrh  :  MikroHkoj)iscln'  rhysii>in*aphi«'  drr  MasHi|;en  (lesteims  1887,  p.  6. 
'H  A.  C. :  Geologic  Atla»  U.  S.,  folio  24.  Three  Forks,  Montana,  lt>96. 
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have  been  deposited  directly  from  the  air.  It  occurs  lii  beds  2  to  5  feet 
thick,  separated  by  thin  calcareous  layers,  the  thickness  of  the  whole 
being  20  feet. 

When  examined  with  a  microscope,  it  is  seen  to  be  made  up  of  minute 
fragments  of  colorless  ^lass,  whose  angular  sliai)es  in  some  instances, 
and  thread-like  form  in  others,  together  with  the  presence  of  air  pores, 
which  are  spherical,  elliptical,  and  tubuUir,  indicate  j)hiinly  that  tlie 
fragments  are  broken  pumice.  The  size  of  the  fragments  is  very  small, 
the  largest  being  about  0.4"""  in  diameter,  the  average  diameter  being 
about  0.2°"". 

A  very  small  percentage  of  the  fragments  are  pieces  of  crystals,  and 
these  appear  to  be  feldspar,  hornblende,  and  pyroxene,  and  possibly 
some  quartz.  But  quartz  and  unstriated  feldspar  may  be  easily  con- 
fused when  in  angular  fragments,  unless  cleavage  is  i)ronounced.  This 
small  percentage  of  crystals  as  compared  with  glass  may  be  due  to  the 
original  paucity  of  crystals  in  the  magma  exploded  into  dust,  or  it  may 
be  the  result  of  a  partial  separation  of  the  material  during  its  trans- 
portation through  the  air,  by  which  means  the  denser  and  more  compact 
particles  settled  nearer  the  vent  from  which  the  eruption  took  place 
than  the  lighter  and  more  attenuated  ones.  TTenco  it  can  not  be 
assumed  that  the  material  found  in  this  deposit  necessarily  represents 
the  com])Osition  of  the  lava  before  explosion.  The  glass  itself  is  abso- 
lutely free  from  microlites  and  is  perfectly  colorless  in  the  thin  bits 
forming  the  dust. 

Tlie  chemical  composition  of  the  dust  is  shown  by  the  following 
analyses : 

Aualyxen  of  voh-univ  dnut  and  of  rhyolite. 
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1.23 
5. 58 


1.21 
1.34 
6.06 


7.1)0 


Per  cent. 

/**r  cent. 

74.  h\i 

75. 19 

13.  78 

13.77 

1.23 

.61 

1.27 

1.37 

trao« 

t  ra<'o 

1.23 

.09 

Total I     100.73 


100.71 


.68 
3.83 
3.  33 
.02 
.20 
.65 


99.83 


Analysis  II  shows  the  i)ercentage  when  the  loss  upon  ignition  is  left 
out.  This  loss  is  unusually  large  and  indicates  a  highly  hydrated  glass. 
When  compared  with  the  rhyolitic  rocks  of  the  Yellowstone  Park 
region,  which  is  50  miles  to  the  southea^t^  t.\ici  No\e»»\v\^  ^wsX>  ^1  xXvjs^ 
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Gallatiu  Valley  is  found  to  be  much  richer  in  K2O  and  poorer  in  Na20, 
and  to  contain  more  MgO  and  a  little  more  GaO  and  iron  oxide.  Analy- 
sis III,  of  a  rhyolite  from  the  North  Madison  Plateau,  Yellowstone 
Park,  is  placed  by  the  side  of  that  of  the  volcanic  dust  for  comparison. 
It  is  a  fair  representative  of  the  composition  of  most  of  the  rhyolite 
of  the  region.  The  relatively  high  percentage  of  MgO  and  CaO,  and 
the  presence  of  iragments  of  hornblende  and  pyroxene  and  feldspar, 
suggests  that  the  volcanic  dust  may  be  the  glassy  portion  of  a  lava 
having  the  composition  of  a  dacite,  in  which  potash  was  concentrated 
in  the  groundmass  by  the  crystallization  of  the  soda  in  lime-soda  feld- 
spars. Since  this  is  purely  speculative  and  the  actual  history  of  this 
particular  deposit  of  dust  is  unknown,  it  will  be  better  to  refer  it  to  the 
rhyolites  on  the  basis  of  its  high  content  of  silica,  remembering  that 
its  chemical  composition  is  not  normal  when  compared  with  the  great 
bodies  of  rhyolite  that  were  erupted  in  the  region  to  the  southeast,  and 
noting  the  fact  that  it  may  be  related  to  the  explosive  eruptions  of 
aiidesite  which  also  took  place  in  earlier  Neocene  times  in  the  same 
region. 

For  accounts  of  the  transportation  of  volcanic  dust,  sometimes  to 
distances  of  500  and  700  miles,  the  student  is  referred  to  the  text-books 
of  Dana,  Geikie,  and  others. 

No.  59.  Rhyolitio  Pumice. 

(From   Mono   Lake,  Mono    County,  California.     Describbd    by   Waldkmar 

LiNDGREN.) 

At  most  volcanic  eruptions  the  effused  or  ejected  masses  are  partly 
of  a  porous  or  scoriaceous  structure,  due  to  the  expansion  of  gases  and 
vai>ors  contained  in  the  magma.  The  extreme  result  of  such  a  dilation 
of  the  magma  by  expanding  gases  is  a  light,  spongy,  froth-like  sub- 
stance, usually  more  or  less  drawn  out  in  threads  and  sometimes, 
indeed,  forming  fibrous  masses  with  silky  luster.     It  is  called  pumice. 

Pumice  may  be  formed  during  the  eruption  of  any  magma,  and  we 
may  thus  speak  of  rhyolitic  pumice,  of  andesitic  pumice,  etc.  No  doubt, 
on  account  of  the  more  viscous  character  of  the  magma  the  kind  first 
mentioned  is  most  common,  and  such  is  the  rock  here  described. 

The  late  Tertiary  or  Pleistocene  volcanoes  south  of  Mono  Lake,  at 
the  eastern  base  of  the  Sierra  Nevada,  when  active  i)oured  out  heavy 
masses  of  rhyolitic  glass  or  obsidian. 

Violent  explosions  accompanied  the  eruptions,  and  fine  volcanic  dust, 
together  with  "volcanic  bombs"  of  pumice,  were  scattered  all  over  the 
surrounding  country  for  miles  beyond  the  craters. 

The  pumice  is  light  gr^iy,  usually  somewhat  fibrous  or   silky  on 

account  of  the  long  drawn-out  pores  which  it  contains.     Asa  rule  the 

7>jefes  will  float  on  water.    Under  the  microscope  it  is  found  to  consist 

at  a  colorless  glaaSy  perfectly  isotropic,  containing  a  few  large  por- 
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phyritic  crystals  or  phenocrysts  of  plagioclase  with  narrow  striations; 
one  or  two  larger  greenish  pyroxene  grains  were  also  noted.  More 
abundant  are  foils  of  a  brown  biotite,  sometimes  1""*'  long.  The  glass 
is  mneb  purer  than  that  of  the  obsidian  from  the  same  locality.  It 
contains  no  or  very  few  trichites,  and  only  a  moderate  quantity  of 
microlites.  Among  these,  biotite  foils,  sometimes  hexagonal  and  occa- 
sionally bent  and  twisted,  together  with  minute  feldspar  microlites,  are 
the  most  abundant.  Local  accumulation  of  opacite  grains  and  obscure 
microlites  are  frequent.  Very  characteristic  is  the  stringy  or  drawn- 
out  structure  of  the  glass,  caused  by  long,  winding,  thread-like  gas 
inclusions. 

The  macroscopic  pores  of  the  pumice  of  course  appear  prominently  in 
the  sections.  They  are  usually  drawn  out  in  an  elongated  shape  x)ar- 
allel  to  the  thin,  microscopic  gas  inclusions  in  the  glass,  and  are  some- 
times so  abundant  that  only  a  slender  network  of  glass  remains. 

The  appended  analysis  by  W.  H.  Melville  shows  by  the  high  per- 
centage of  alkali  and  small  amount  of  lime  that  the  rock  belongs  in  the 
group  characterized  by  the  prevalence  of  alkali  feldspars,  albite,  and 
orthoclase,  though  probably  a  little  oligoclase  is  also  present.  The 
silica  is  rather  low  for  a  rhyolitic  pumice,  and  in  this  respect  the  rock 
approaches  the  trachytes. 

Analysis  of  rhyolitic  pumice  from  Mono  Lake,  California. 


Loan . 
SiO,  . 
Al,0, 
Fe,Oa 
FeO  . 
CaO.. 
M,sO. 
K,0.. 
Xa,0 


I  Vr  <'ent. 

2.06 
67.39 
15.99 
0.56 
1.99 
1.63 
0.77 
4.80 
4.74 


ToUl 


99.93 


No.  00.  Rhyolitic  Obsidian. 


(From  Mono  Lake,   Mono  County,  California.     Described  bv  Waldemar 

LlND<lREN.) 

Just  south  of  Mono  Lake,  in  the  Great  Basin,  and  a  few  miles  east 
of  the  great  fault  scarp  of  the  Sierra  Nevada,  there  rises  a  long  row  of 
volcanic  cones  with  a  maximum  height  of  2,700  feet  above  the  level 
of  the  lake.  Probably  in  Pliocene,  and  certainly  in  Pleistocene  times, 
these  craters  were  in  full  activity,  x)ouring  out  acid  viscous  lavas,  which 
consolidated  as  rhyolite  and  obsidian,  and  scattering  volcanic  bombs, 
lapUliy  and  ashes  all  over  the  surrounding  country.  The  volcanoes  are 
so  longer  actlvei  but  their  cones  are  still  exceU«ii\\^  ^t^»«c^^^« 
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The  lava  flows  are  principally  composed  of  a  rhyolitic  obsidian,  which 
is  a  rapidly  cooled  and  consequently  glassy  lava.  The  obsidian,  which 
was  collected  at  the  foot  of  one  of  these  ridges,  is  of  deep-black  color, 
has  a  glassy  luster,  and  beautiful  conchoidal  fracture;  in  thin  frag- 
ments it  is  translucent  with  a  grayish  or  smoky  color. 

Under  the  microscope  the  principal  constituent  is  a  colorless,  isotropic 
glass,  filled  with  a  great  variety  of  minute  inclusions  and  crystals,  very* 
frequently  arranged  so  as  to  give  the  rock  a  banded  or  fluidal  appear- 
ance. Once  an  inclusion  of  a  glassy  andesitic  rock  with  feldspar  and 
augite  microlites  was  noted,  showing  that  on  its  way  up  the  magma 
broke  through  more  basic  eruptives.  Although  there  are  no  large 
phenocrysts,  the  glass  abounds  with  minute  crystals  and  inclusions,  to 
a  degree  not  to  be  suspected  by  the  appearance  of  the  rock. 

While  the  mineralogical  character  of  some  of  these  may  be  distinctly 
recognized,  others  are  so  small  and  obscure  that  we  can  only  infer  from 
their  form  that  they  possess  the  physical  characteristics  of  crystals. 
These  are  designated  microlitic  forms. 

Among  the  crystals  which  may  be  identified  we  note  biotite,  a  few 
distinct  augite  prisms,  small  magnetite  grains,  pretty  generally  dis- 
tributed, and  minute  colorless  prisms,  with  feeble  refraction,  which 
almost  certainly  are  feldspars. 

The  most  abundant  mineral  is  brown  biotite  in  long-drawn  foils  with 
a  maximum  length  of  0.066""",  although  generally  much  smaller. 
Sometimes  these  biotite  foils  are  bent  or  broken.  Further  we  note  a 
few  yellowish-green,  strongly  refracting  grains  of  augite,  and  some 
colorless  rounded  masses  (maximum  diameter  0.1"'"')  of  a  strongly 
refracting  doubtful  substance.  Between  crossed  nicols  these  latter 
show  undulous  extinction  and  gray  colors  of  interference.  Besides 
these  the  glass  swarms  with  microlites,  which  are  usually  of  slender 
prismatic  forms  and  act  on  the  polarized  light,  but  which  can  not  be 
positively  identified. 

Most  prominent,  however,  are  other  microlitic  forms  which  are  desig- 
nated as  trichites.  They  are  defined  as  capillary  crystals  of  exceed- 
ingly small  thickness  compared  with  their  length.  They  are  nearly 
always  bent,  broken,  or  curved  in  complicated  forms.  The  trichites 
have  a  great  tendency  to  combine  in  groups,  radia,ting  spider-like  from 
a  common  center,  usually  a  small  grain  of  magnetite.  On  account  of 
their  minute  thickness,  rounded  form,  and  the  total  reflection  caused 
thereby,  they  usually  appear  opaque,  but  occasionally  larger  ones  may 
be  found  which  transmit  the  light  with  a  dark-brown  color.  Sometimes 
the  trichites  appear  isolated,  as  curved  or  straight  hi\irs  with  a  maxi- 
mum length  of  0. 15"'"',  and  it  seems,  indeed,  as  if  there  were  a  transi- 
tion between  the  recognizable  narrow  biotite  foils  and  the  trichites, 
although  such  a  connection  has  not  been  conclusively  proved.  At  any 
rate,  the  trichites  seem  to  be  composed  of  some  silicate  rich  in  iron. 

Besides  these  microlitic  forms  the  glass  contains  a  great  many  gas 
inclusioDBf  generally  more  or  less  drawn  out  in  one  direction. 
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Tlie  structure  and  microscopic  appearance  of  the  obsidian  containing 
all  these  minute  forms  are  by  no  means  constant  and  similar  through- 
out the  mass.  The  i)rincipal  cause  of  this  is  the  microfluidal  structure 
prevailing  in  the  rock  and  showing  that  the  magma  has  been  in  motion 
after  the  separation  of  the  crystals  and  the  microlitic  forms.  Most 
slides  have  a  more  or  less  distinct  banded  appearance.  In  some  bands 
biotite  crystals  abound,  in  parallel  arranginent;  in  others,  trichites  pre- 
dominate; in  still  other  streaks,  minute  feldspar  crystals  may  prevail. 
The  bands  are  often  curved  in  a  complex  way. 

Sometimes  the  glass  may  be  comparatively  free  from  microlitic  forms, 
while  in  other  places  they  accumulate  in  dense  masses. 

A  faint  double  refraction  of  the  glass  is  often  noticed ;  in  most  cases, 
however,  this  is  due  to  extremely  small  microlites,  discernible  with  diffi- 
culty even  with  strong  objectives,  but  in  a  few  phices  it  really  ax)pears 
as  if  the  glass  itself  were  faintly  double  refracting. 

The  appended  analysis  by  W.  H.  Melville  shows  that  the  rock  has 
the  composition  of  a  typical  rhyolite,  indicated  by  the  high  percentage 
of  silica,  small  amount  of  lime,  and  relatively  large  quantities  of  soda 
and  potassa. 

Aimlysis  of  rhyolitic  obsidian  from  Mono  Lake,  California, 


}*»'r  <'<5iit. 


LOMM 0. 41 

SiO^ I  75.78 

Al/»3 12.39 

IV^Oa 0.22 

Ft'O 1.25 

(.'aO 0.81 

MgO !  0.31 

KjO I  4.W 

Xa,0 4.00 

Total 99.81 


No.  fJl.  Rhyolitic  Perlite. 


(From  Yrllowstoxe  National  Park.     Dk8Ckihei>  by  J.  P.  Iddimjs.) 

A  dark-gray  rhyolite  glass  forms  a  cliff  on  the  east  side  of  the  Fire- 
hole  River,  opposite  Excelsior  geyser  and  the  Midway  geyser  basin. 
It  is  part  of  the  great  body  of  rhyolite  which,  as  a  surficial  flow  of  lava, 
constitutes  the  plateau  of  the  Yellowstone  Park. 

The  rock  varies  in  character  in  bands,  which  are  alternately  glassy 
and  lithoidaL  The  glassy  portions  are  distinctly  perlitic,  and  also 
finely  porous  and  vesicular,  the  cavities  containing  minute  white  pellets 
of  tridymite.  In  places  the  centers  of  perlitic  shells  are  black  glass, 
the  surrounding  thin  shells  being  light  gray.  This  is  a  common  feature 
of  perlites  in  many  localities  in  the  Yellowstone  Park.  The  less  glassy 
or  lithoidal  layers  lack  the  vitreous  luster,  and  are>  dvsAV  ^^^-^  %  *Omk^  -^at^ 
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also  porous,  the  vesicles  or  cavities  in  the  rock  being  unequally  dis- 
tributed in  diflferent  layers.  The  banding  produced  by  the  variously 
constituted  layers  of  the  rock,  which  express  what  is  called  the  flow- 
structure,  becomes  more  apparent  in  large  masses  of  rock.  The  whole 
is  filled  with  small  phenocrysts  of  quartz  and  feldspar.  In  some  parts 
of  the  rock  there  are  small  spherulites. 

In  thin  sections  the  microscopic  character  of  the  rock  is  quite  varied. 
The  groundmass  consists,  in  places,  of  colorless  glass,  with  numerous 
trichites  and  microlites  with  marked  fluidal  arrangement.  Such  places 
exhibit  perlitic  cracks.  Through  this  glass  are  scattered  spherulites 
that  appear  brown  in  transmitted  light  and  show  the  optical  character- 
istics of  those  in  the  lithoidite  from  Obsidian  Cliff.  They  are  close 
together  in  the  lithoidal  portion  of  the  rock  and  have  attained  various 
degrees  of  crystallization.  Occasionally  they  have  formed  around  the 
phenocrysts  as  a  spherulitic  border.  Their  microstructure,  as  well  as 
that  of  the  clusters  of  tridymite,  is  the  same  as  in  the  lithoidite  of 
Obsidian  Cliff,  and  needs  no  special  description.  The  phenocrysts  are 
quartz,  sanidine,  plagioclase,  and  augite,  with  smaller  crystals  of  mag- 
netite. Quartz  occurs  in  idiomorphic  crystals,  whose  sections  are 
those  of  double  hexagonal  pyramids;  some  are  rounded.  They  fre- 
quently carry  a  number  of  brown  glass  inclusions  in  negative  crystal 
cavities,  and  less  frequently  bays  of  groundmass. 

Sanidine  forms  idiomorphic  crystals,  which  sometimes  have  rounded 
corners.  These  crystals  often  carry  numerous  inclusions  of  ground- 
mass,  and  also  of  colorless  glass.  Sanidine  in  some  instances  surrounds 
plagioclase  more  or  less  completely,  the  two  feldspars  having  parallel 
orientation. 

The  plagioclase  exhibits  polysynthetic  twinning,  in  thin  lamellae  with 
low  extinction  angles  in  symmetrical  sections.  It  is  probably  oligo- 
clase.  Frequently  it  is  crowded  with  inclusions  of  groundmass  and 
glass,  so  as  to  be  fairly  honeycombed.  Augite  occurs  in  comparatively 
large  phenocrysts,  but  in  small  amount.  It  is  light  green  and  fre- 
quently incloses  magnetite  and  glass.  Magnetite  forms  crystals  and 
grains  of  considerable  size,  0.4'"*"  in  diameter.  With  it  are  generally 
associated  colorless  crystals  of  zircon  and  somie  of  apatite.  On  the 
edges  or  walls  of  cavities  and  in  places  where  tridymite  and  sanidine 
have  crystallized  in  microscopic  crystals  there  is  a  small  amount  of 
brown  biotite  in  six-sided  plates.' 

The  chemical  composition  is  shown  by  the  following  analysis,  made 
by  H.  X.  Stokes  in  the  chemical  laboratory  of  the  United  States  Geologi- 
cal Survey. 


'For  fuller  descriptioD  of  the  rhyolites  of  the  Yellowstone  ^National  Park  see  the  forthcoming  mono- 
graph on  that  region :  Mon.  U.  S.  Geol.  Survey,  Vol.  XXXII. 
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Analysin  of  rhyoUtio  perlite  from  Yellowstone  National  Park. 


'Percent. 


SiO, 73.84 

A1,0, 12.47 

Tefit .32 

FeO '  .90 

Mn  O t  race 

CaO '  1.08 

MgO 26 

K,0 5.38 

Xa,0 2.88 

Ignition 2.76 

Total 99.88 


'No.  62.   LiTHOIDlTE. 


(From  Obsidian  Cliff,  Yellowstone  National  Park.     Describrd  by  J.  P. 

Iddings.) 

The  litboidite  in  this  series  of  rocks  was  eoilected  from  the  northern 
end  of  Obsidian  Cliff  in  the  Yellowstone  National  Park.  It  rei)re8ent8 
the  laminated  and  more  or  less  crystalline  portion  of  a  great  flow  of 
rhyolitic  glass  which  forms  the  picturesque  cliff'  of  obsidian,  well  known 
to  the  tourist  by  its  glossy  black  columns  that  rise  high  above  the  road. 

The  jet-black  obsidian  is  filled  with  spherulites  and  lithophys«T,  which 
are  scattere<l  through  it  in  layers.  In  places  the  spherulites  are  minute 
and  crowded  together,  so  as  to  form  light-gray  layers  having  a  stony  or 
lithoidal  appearance.  As  these  lithoidal  bauds  become  more  numerous 
the  rock  is  composed  of  alternating  layers  of  black  glass  and  gray  lith- 
oidal ones.  At  the  northern  end  of  the  cliff  the  lower  portion  of  the 
whole  mass  is  lithoidal,  as  in  the  specimen. 

The  composition  and  structure  of  the  sphemlites  and  lithophysiB  and 
the  character  and  probable  origin  of  the  lamination  of  the  lithoidite 
have  been  described  in  detail  by  the  writer  in  an  article  on  Obsidian 
Cliff,'  from  which  the  following  extracts  are  taken : 

This  nthoidite  [loc.  cit.,  p.  264]  Ih  »  light  purplish-gray  rock  which  Hhows,  on 
cross-fractnresy  delicate  bands  of  light  and  dark  colored  layers.  The  former  are 
orystaUine,  with  small  cavities  scattered  along  them,  which  form  planes  of  weak- 
Dess  and  permit  the  rock  to  split  into  thin  plates,  often  one-sixteenth  of  an  inch  in 
thickiless.    The  dark  layers  are  microsphenilitic  and  dense  [and  are  sometimes 

glassy] The  lithoidal  rock  is  as  I'nll  of  spheriilitic  forms  as  the  obsidian, 

bat  it  appears  more  porous  and  contains  a  multitude  of  hollow  spherules  of  the 
utmost  delicacy  and  beauty.  An  idea  of  their  great  abundance  is  given  by  Pl.  XIIT, 
fig.  2  [Pl.  XXV  of  this  bulletin,  p.  154],  which  was  drawn  fh>m  a  slab  of  lithoidite 
and  is  the  nataral  size.  Most  of  them  are  hemispherical  and  consist  of  a  gronp  of 
concentric  shells  which  curve  one  over  another  like  the  petals  of  a  rose.    The  shal- 


1  J.  P.  Iddings,  Obsidian  Cliff,  Yellowstone  National  Park :  Seventh  Ann.  Kept.  V.  S.  Geol.  Surrey, 
1888.  A  part  of  thia  paper  was  previoanly  published  under  the  title,  The  nature  and  origin  of  litho- 
phyi«  and  the  lamiiiation  of  aoid  lavas :  Am.  Jour.  Sol.,  Jan.,  1887, 3d  series,  VoL  XXXIU^  w*^^-^^« 
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lower  ones  present  small,  rose-like  centers  surrounded  by  thin,  circular  sliells.  The 
diskH  are  sometimeH  oval  and  sometimes  composed  of  several  sets  of  shells  which 
have  started  from  centers  near  together  and  developed  in  sectors,  giving  a  scalloptMl 
form  to  the  curves.  OtherH  are  eccentric  or  send  out  long,  curving  arms,  cross-walled 
like  a  chambered  ammonite. 

The  partition  walls  are  generally  very  thin  and  often  close  together,  in  one  instance 
50  occurring  within  a  radius  of  2  inches.  They  are  very  fragile  and  crumble  under 
the  touch,  being  made  up  of  small  and  slightly  adhering  crystals  with  brilliant, 
glistening  faces. 

The  minerals  occurriug  in  the  lithophysae  and  hollow  spherulites  and 
other  cavities  in  the  litlioidite  are  quartz,  tridymite,  sanidine^  fayalite, 
and  magnetite,  the  detailed  descriptions  of  which  will  be  found  in  the 
the  paper  referred  to  and  in  a  more  recent  one  in  which  the  quartz  is 
especiallj'  described.' 

The  microscopical  character  of  this  lithoidal  rhyolite  is  extremely 
varied,  and  exemplifies  the  structure  or  phases  of  crystallization  com- 
mon to  many  rhyolitic  lavas  in  most  parts  of  the  world.  It  has  been 
made  the  subject  of  a  8i)ecial  paper  on  spherulitic  crystalli-zation  *  from 
which  the  following  description  has  been  taken: 

In  thin  Hections  the  rock  is  irregularly  banded  or  mottled  according  as  the  sec- 
tions have  been  ground  across  or  parallel  to  the  layers  of  lamination.  The  moat 
crystalline  parts  are  colorless,  the  dark-gray  portions  are  mottled  with  minute  spots, 
and  with  a  low  magnifying  power  these  dark  portions  are  seen  to  be  minutely  spher- 
ulitic, exhibiting  characteristic  black  crosses.  The  transparent  parts  are  quite 
crystalline  aggregations  of  tridymite  or  quartz  and  feldspar,  often  with  numerous 
irregular  cavities  between  the  crystals.  Occasionally  these  places  contain  irregular 
grains  of  fayalite,  and  still  more  rarely  brown  mica,  besides  scattered  spherulites, 
which  also  border  these  mon*  crystalline  portions. 

The  thiu  sections  show  a  few  of  the  larger  spherulites  which  are  porous,  and  in 
some  places  branching,  arborescent  or  feather-liko  growths  of  feldspar — in  fact,  all 
of  the  modifications  of  spherulitic  crystallization  described  in  the  paper  on  Obsidian 
Cliff. 

Studie<l  with  higher  magnifying  power,  it  is  seen  that  the  finely  spherulitic  por- 
tions are  crowded  with  trichites,  which  are  more  perfect  as  the  spherulitic  structure 
is  more  minute,  but  which  lose  their  form  and  uniformly  fluidal  arrangement  when 
the  spherulites  are  more  developed,  sometimes  being  crowded  out  toward  the  margin 
of  the  spherulites  and  aggregated  in  opa<iue  lines  between  the  spherulite  indi- 
viduals. The  finely  spherulitic  parts  of  the  rock  section  also  exhibit  an  extremely 
minute  granulation  by  transmitted  light  and  appear  brown;  but  by  incident  light 
this  granulated  portion  is  white,  evidently  in  consequence  of  the  reflection  of  the 
light  from  innumerable  small  surfaces  or  cracks.  In  the  small  spherulites  that  lie 
isolated  in  and  also  bordering  on  the  more  crystalline  portions  of  the  rock  the  cen- 
tei-s  of  the  sjiherulites  are  granulated 'and  brown  while  the  margins  are  often  color- 
less and  transparent.  In  some  cases  the  centers  of  the  spherulites  are  colorless,  and 
the  brown  color  is  confined  to  an  outer  zone.  In  such  spherulites  the  fibers  of  the 
outer  zone  are  more  delicate  than  those  of  the  central  portion,  showing  a  lower 
degree  of  crystallization. 

These  small  sphernlit<*s  when  investigated  with  the  quartz  plate  prove  to  be  opti- 
cally negative — tliat  is,  the  axis  of  greatest  elasticity,  a,  lies  approximately  parallel 
to  the  direction  of  the  radial  fibers.     This  is  also  true  of  the  most  minute  colorless 


'  J.  r.  Iddiiiga  and  S.  L.  IN-nfiekl,  Tho  nnneraU  in  hollow  Hphcrulik^s  of  rhyolite  from  Glade  Creek, 
Wyoming :  Am.  Jour.  Sei..  July.  181)1, 3(1  series,  Vol.  XLII,  i»i).  3JM0. 
',r.  r.  Ifhiinga,  Spherulitic  crj'flrallizatiou:    Bull.  Philoa.  Soc.  Washington,  Vol.  XI,  1891,  pp.  445- 


©n-LEB.)  DESCRIPTIONS:    NO.  62,  LITHOIDITE.  155 

« 

Bphenilites  wbich  occur  in  the  glass  of  tbe  obsidian,  and  are  representee!  by  fig.  1, 
PJ.  VII  [fig.  1,  PI.  XXVI  of  tbis  bulletin,  p.  156].  In  the  lithoidite  tbe  spbeniliteH 
have  formed  in  jnxtaposition,  so  that  they  adjoin  one  another  with  more  or  less 
polygonal  boundaries.  Occasionally  there  is  a  small  space  between  several  spheru- 
lites  where  the  magma  has  crystallized  <liflerently.  These  spaces  may  attain  a  con- 
siderable size,  relatively,  or  may  constitute  layers  of  tbe  rock.  The  spherulitcs 
bordering  such  spaces  frequently  continue  their  crystallization  a  short  distance  into 
them,  and  exhibit  distinct  prismatic  rays  that  project  beyond  tbe  apparent  periphery 
of  tbe  spherule,  and  resemble  tbe  teeth  of  a  cogwheel.  Sometimes  the  projecting 
rays  assume  a  comparatively  great  size.  These  forms  are  illustrated  by  figs.  3  and 
5,  PI.  VII  [PI.  XXVI  of  this  bulletin,  p.  156].  In  such  eases  tbe  mineral  character  of 
the  rays  is  clearly  determinable.  Tbe  projecting  rays  are  prisms  with  parallel  sides 
and  crystallographic  terminations.  They  extend  with  uniform  optical  orientation 
toward  the  center  of  the  spberulite.  They  exhibit  in  a  few  instances  distinct 
cleavage  parallel  to  the  sides  of  the  prism.  The  angle  of  extinction  ranges  from 
0°  to  1(P  or  12^,  beiug  usually  low.  The  imsms  are  invariably  optically  negative, 
and  are  therefore  ortboclase  crystals  elongated  in  the  direction  of  the  clino  axis. 
The  high  limit  of  the  extinction  angles,  as  well  as  tbe  chemical  composition  of  the 
rock  and  the  spberulites,  since  there  is  no  evidence  of  tbe  presence  of  more  than 
cue  species  of  febls])ar,  indicates  that  tbe  ortboclase  is  rich  in  soda,  the  molecular 
ratio  of  tbe  potash  to  soda  in  the  rock  being  1  to  1. 

There  is  a  ditt'erenee  between  tbe  end  of  tbe  projecting  prisms  of  feldspar  and  the 
part  of  the  ray  within  tbe  spberulite.  Tbe  former  is  transparent  and  clear,  without 
inclusions;  the  part  within  the  spberulite  pro]>er  is  clouded  and  granulated,  as 
already  stated.  In  some  instances  the  granulation  assumes  a  more  definite^  charac- 
ter and  has  a  radiating  feather-like  structure,  which  at  once  suggests  the  grano- 
phyric  arrangement  of  quartz  in  feldspar.  This  is  unquestionably  its  true  character, 
although  the  quartz  does  not  a]>pear  to  att'ect  the  optical  behavior  of  the  feldspar 
rays. 

An  examination  of  the  microscopic  granopbyre  groups  of  feldspar  and  quartz  which 
occur  in  tbe  same  thin  sections,  and  which  have  been  described  in  tbe  article  on 
Obsidian  Cliff  (p.  274),  shows  tbe  same  optical  characters  and  feather-like  structure. 
Such  an  int«'rgrowth  is  represented  in  fig.  2,  PI.  VII  [PI.  XXVI  of  this  bulletin.] 
It  is  made  up  of  feldspar  crystals,  wbich  cross  one  another  at  a  comnum  point,  or 
which  radiate  from  a  common  center.  These  feldspars  invariably  have  the  axis  of 
>;reatest  elasticity,  a,  approximately  parallel  to  tbe  direction  of  radiation.  They 
have  the  same  crystallographic  orientation  as  the  feldspar  rays  of  the  spberulites. 
The  intergrown  (quartz  does  not  alter  perceptibly  the  optical  orientation;  therefore 
it  must  be  either  so  oriented  as  to  have  its  axis  of  greatest  elasticity  more  or  less 
coincident  with  that  of  the  feldspar,  or  it  is  not  present  in  sufficient  amount  to 
influence  the  interference  phenomena  appreciably.  Tbe  latter  is  most  probably  tbe 
case,  for  in  a  large  granophyric  group  with  the  same  structure,  which  was  studied 
for  comparison,  it  was  observed  that  the  quartz,  though  appearing  to  be  present  in 
considerable  amount,  was  not  sufficient  to  change  the  character  of  the  double  refrac- 
tion of  tbe  feldspar,  which  was  the  predominant  mineral.  It  modified  it,  however, 
to  a  variable  extent;  and  in  places  where  quartz  was  more  abundant  its  optical  char- 
acter was  predominant. 

The  small  spberulites  of  this  rock  are  unquestionably  composed  of  ortboclase 
prisms  or  needles  elongated  in  the  direction  of  the  clinoaxis,  wbich  radiate  from  a 
center  and  are  intergrown  with  quartz,  after  the  manner  of  granopbyre  or  micro- 
pegmatite;  and  it  is  this  microscopic  intergrowtb  which  gives  them  the  granulated 
or  feather-like  structure. 

In  tbe  case  of  tbe  spberulites  with  projecting  rays  of  pure  feldspar,  it  is  evident 
that  the  free  silica  ceased  to  crystallize  as  quartz  in  intimate  connection  with  the 
ortboclase  and  allowed  the  latter  to  continue  alone  and  project  into  a  highly  silic^ow^ 
residual  paste,  which  finally  crystallized  as  tridymite  m  ii\o%t  \tk%\>«L\i^«&, 


EXPLANATION  OF  PLATE  XXVI. 

SECTIONS  OF  SPHERULITES. 

Fio.  1.  Colorless  microscopic  sphemlite,  showing  irregular  dark  cross  between 
crossed  uiools,  enlarged  153  diameters. 

Fig.  2.  Simple  form  of  granophyre  group  of  quartz  and  feldspar  between  crossed 
nicols,  enlarged  235  diameters. 

Fio.  3.  Microscopic  sphernlite  with  projecting  rays  of  orthoclase,  enlarged  120 
diameters. 

Fig.  4.  Like  fig.  3,  with  crescent-shaped  area  of  ])ure  feldspar  substance,  enlarged 
130  diameters. 

Fig.  5.  The  same  as  fig.  3,  enlarged  120  diameters. 

Fig.  6.  Portion  of  large  spherulite,  showing  dififerent  forms  of  feldspar  needles. 

Fig.  7.  Branching  group  of  orthoclase  needles  occurring  in  the  outer  portion  of 
the  sphernlite  of  fig.  6. 
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In  certain  oases  the  zone  of  olear  feldspar  does  not  occar  on  the  margin  of  the 
spherulite,  but  forms  a  orescent-shaped  transparent  belt  within  it,  as  shown  in  fig.  4, 
PI.  VII  [PI*  XXYI  of  this  bnlletin].  In  ordinary  light  this  belt  appears  to  be  a  gap- 
ing, circular  crack,  thongh  its  definition  is  lost  at  one  end.  Between  crossed  nicols  it 
is  found  to  consist  of  pare  feldspar,  oriented  in  accord  with  the  radiating  prisms,  and 
prodncing  no  disturbance  of  the  dark  cross  which  passes  regularly  through  it.  At 
the  lower  end,  fig.  4,  it  is  seen  to  be  part  of  the  same  crystallization  as  the  purer  feld- 
spar rays  of  that  part  of  the  sphemlite ;  and  in  the  upper  part  it  differs  from  the  rest 
of  the  sphemlite  simply  by  being  free  from  the  granulated  or  micropeg^atitic  struc- 
ture. There  can  be  no  doubt  that  it  is  a  part  of  the  original  crystallization  of  the 
sphemlite,  and  that  from  some  cause  the  free  silica  ceased  to  crystallize  for  a  short 
space  and  then  continued  as  in  other  portions  of  the  sphemlite.  This  is  in  harmony 
with  the  observation  that  the  micropegniatitic  structure  and  the  other  phases  of 
crystallization  in  this  part  of  the  rock  are  irregularly  scattered  in  patches,  so  that 
adjoining  parts  of  adjacent  spherulites  are  micropegmatitic,  while  other  portions  of 
them  are  free  from  this  structure.  Such  crescent-shaped  spaces  in  the  spherulites  of 
this  rock  have  undoubtedly  been  produced  at  the  time  of  the  crystallization  of  the 
feldspar  rays,  by  conditions  which  affected  the  (quantity  or  distribution  of  the  free 
silica  or  of  the  mineralizing  ageocies  engaged  in  its  crystallization. 

In  parts  of  the  rock  the  small  feathery  spherulites  bordering  an  area  of  tridymite 
do  not  terminate  in  well-defined  feldspar  prisms,  but  pass  out  into  irregularly  shaped 
feldspars  and  .send  out  acicular  rays  of  extreme  delicacy.  These  transparent  needles 
also  lie  in  various  directions  in  the  tridymite  area.  They  have  apparently  the  same 
double  refraction  as  orthoclase,  and  have  the  axis  of  greatest  elasticity,  a,  parallel 
to  their  length.  A  transverse  parting  is  slightly  developed.  Their  mineralogical 
character  can  not  be  made  out  with  any  degree  of  satisfaction  from  the  smallest 
needles,  but  they  can  be  traced  to  stouter  ones  which  are  undoubtedly  orthoclase; 
so  that  there  would  seem  to  be  no  question  that  the  delicate  acicular  rays  of  these 
spherulites  are  needles  of  orthoclase  elongated  parallel  to  the  clinoaxis.  They  are 
then  the  same  as  the  stouter  prismatic  rays,  but  have  probably  developed  an  acicular 
form  because  of  some  slight  difference  in  the  conditions  under  which  they  crystallized. 

The  spaces  between  the  spherulites  already  mentioned  are  in  most  instances  occu- 
pied by  tridymite  in  comparatively  large  crystals,  often  twinned  and  carrying 
numerous  gas  cavities.  These  patches  may  be  completely  tilled  with  tridymite  or 
may  be  but  partially  filled,  there  being  open  spaces  between  the  crystals  which 
cross  one  another  in  all  directions,  and  in  extreme  canes  the  tridymite  may  simply 
coat  the  walls  of  a  hollow  cavity.  In  most  instances  the  area  is  completely  occu- 
pied, when  the  free  silica  is  sometimes  in  the  form  of  quartz.  There  are  always  other 
minerals  present  in  variable  amounts,  including  orthoclase  and  magnetite,  with  less 
regularly  tourmaline,  mica,  and  fayalite.  The  fayalite  occurs  in  relatively  large 
irregular  individuals,  with  an  opaque  border,  which  at  times  entirely  replaces  the 
original  mineral. 

The  tourmaline  and  mica  occur  in  minute  crystals  about  0.Q25  """  long  and  0.01  <""> 
thick.  They  are  abundant  in  places  and  lie  scattered  through  the  tridymite  or 
quartz,  and  also  in  the  margin  of  the  bordering  spherulites.  They  occur  sometimes 
together,  but  usually  one  is  present  to  the  exclusion  of  the  other.  The  tourmaline 
is  recognized  by  its  decided  pleochroism,  the  strong  absorption  being  across  the 
prisms,  O  >  E.  Its  color  is  brownish-green;  colorless  parallel  to  £.  The  double 
refraction  is  strong  and  negative.  Transverse  sections  exhibit  a  uniaxial  cross,  and 
are  bounded  by  six  sides,  alternately  three  short  and  three  long.  It  also  occurs  in 
the  tridymite  coating  the  walls  of  the  hollow  cavities  in  some  cases. 

The  mica  is  green  and  also  yellowish  brown  to  reddish.  It  forms  stout  tablets 
with  six  sides,  and  exhibits  strong  absorption,  from  colorless  to  almost  opacjue, 
which  is  of  coarse  in  the  opposite  direction  from  that  of  the  tourmaline,  the  axes 
of  elasticity  also  in  the  long  and  narrow  sections  being  reversed  in  the  two  minerals. 
The  dark'green.mioa  may  be  easily  mistaken  for  the  toxamvAxxi^. 
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The  tourmaline  and  mica  are  idiomorphic  and  must  have  crystallized  just  before 
the  outer  portion  of  the  small  spherulites  and  the  tridymite  and  quartz  in  which 
they  lie.  They  are  confined  to  the  region  of  these  interspherulitic  si)aces,  and  are 
not  found  scattered  indiscriminately  through  the  compactly  spherulitic  portion  of 
the  rock.  Their  period  of  crystallization  is  therefore  later  than  that  in  which  the 
small  spherulites  began  to  crystallize  and  earlier  than  the  final  crystallization  of 
the  residual  magma  or  paste.  Their  separation  from  the  magma  was  preceded  by 
that  of  quartz  and  orthoclase,  and  was  also  followed  by  the  same.  Their  crystalli- 
zation in  such  a  siliceous  lava  is  abnormal,  for  they  are  locally  abundant  in  very 
small  spaces  witliin  the  body  of  the  rock,  and  not  along  a  contact  face  of  it.  The 
crystallization  of  the  tourmaline  at  least  involves  the  presence  of  a  small  amount 
of  boron  and  fluorine  within  the  magma  before  its  tinal  solidification;  but  they 
were  probably  present  in  extremely  small  amounts  and  only  locally. 

While  the  occurrence  of  the  tourmaline,  like  that  of  the  fayalite,  may  be  referred 
to  the  category  of  ''  fumarole  action/'  still  this  is  only  correct  when  the  term  is  so 
defined  as  to  include  any  mineralizing  iufiuence  which  heated  vapors  may  have  upon 
crystallization.  It  would  thus  include  their  primary  action  within  fused  magmas,  as 
well  as  their  secondary  action  on  solidified  ones.  The  effect  of  heated  vapors  which 
permeate  the  rocks  in  many  places  in  the  Yellowstone  National  Park  is  distinctly  a 
destructive  or  metamorphosing  process;  and  all  such  fumarole  action  is  plainly 
secondary  in  the  sense  that  it  effects  changes  in  the  crystalline  character  of  rocks 
already  solidified.  It  would  seem  advisable,  therefore,  in  order  to  avoid  confusion, 
to  use  some  other  terms  for  the  primary  mineralizing  iufiuence  of  absorbed  vapors 
upon  the  crystallization  of  molten  magmas. 

The  second  kind  of  spherulites  occurring  in  this  rock,  which  were  described  in 
the  paper  on  Obsidian  Clifi*  under  the  head  of  porous  spherulites  (p.  278),  are  distin- 
guished by  being  composed  of  more  or  loss  distinct  rays  of  feldspar,  which  are  gen- 
erally branched,  and  a  cementing  material  of  tridymite,  with  numerous  hollow 
spaces  or  gas  cavities.  The  branching  feldspars  may  also  lie  in  an  isotropic  base, 
which  aiipears  to  be  glass.  The  arborescent  feldspar  growth  may  form  a  complete 
sphere  or  only  a  plume-shaped  growth,  or  it  may  even  resemble  the  stem  and 
branches  of  a  shrub.  The  optical  investigation  of  these  feldspar  rays  shows  them 
in  some  cases  to  consist  of  many  small  stout  prisms  of  feldspar  grown  together  with 
their  longer  axes  parallel  and  forming  long  crooked  rods  in  the  direction  of  this 
axis. 

In  thiu  section  these  rods  or  rays  are  partly  positive  and  partly  negative— that  is, 
the  axis  of  elasticity,  which  is  ap])roximately  parallel  to  their  leugth,  is  sometimes 
less  and  sometimes  greater  tlian  that  at  right  angles  to  this  direction.  The  jtrisniH 
have  a  small  extinction  angle  of  variable  size,  and  it  is  observed  that  the  negative 
rays  exhibit  less  double  refraction  than  the  positive  ones  and  have  a  lower  extinc- 
tion angle.  From  these  characters  it  is  evident  that  the  rays  are  prisms  of  ortho- 
clase ehmgated  parallel  to  the  vertical  axis  c,  and  that  the  plane  of  the  optic  axes  is 
normal  to  the  plane  of  symmetry.  In  spherulites  of  this  sort  the  positive  and  nega- 
tive rays  are  generally  uniformly  mixed  throughout  the  whole.  Such  a  spherulite 
sometimes  has  an  outer  zone  or  border  of  compact,  finely  fibrous  structure,  which  is 
negative  and  is  the  same  growth  as  the  small  granophyric  spherulites.  Tridymite 
is  scattered  through  theso  spherulites,  besides  small  grains  of  magnetite.',  and  some- 
times a  few  grains  of  fayalite  and  a  little  mica. 

In  other  cases  the  branching  rays  are  all  positive.  This  indicates  that  the  feld- 
spar i)risms  have  the  same  development — that  is,  parallel  to  the  axis  c — but  that  the 
plane  of  the  optic  axes  is  in  the  i)lane  of  symmetry,  which  is  freciuently  observed  to 
be  the  ciise  in  prisms  of  orthoclase  which  have  crystallized  independently  in  the 
tridymite  in  other  parts  of  the  rock. 

The  distinctly  arborescent  growths  of  feldspar  in  which  the  louj^:  slender  rays 

branch  off  from  a  stouter  stalk  is  shown  in  the  figure  on  PI.  VIII  [PI.  XX  VH  of  this 

buUetiu],     The  prisma  become  thinner  and  more  crowded  together  as  they  grow 


DiLLEB]  descriptions:    no.  62,  LITHOIDITE.  159 

outward,  and  terminate  in  broad  fronds  like  leaves.  The  stems  are  usually  twinned 
throughout  their  length,  as  are  also  the  fronds,  which  are  sometimes  found  as 
isolated  growths.  These  are  twinned  in  the  same  manner,  the  composition  plane 
dividing  the  crystal  in  two  in  the  direction  of  its  length.  These  twinned  prisms  of 
orthoclase  are  always  negative,  and  the  inclination  to  the  twinning  plane  of  the  axis 
of  greatest  elasticity  is  about  7*^  or  8^.  These  characteristics  could  only  be  found  in 
orthoclase  prisms  elongated  parallel  to  the  clinoaxis  a,  and  twinned  according  to 
the  Manebach  law,  which  is  the  orientation  already  given  for  this  form  of  feldspar 
in  the  article  on  Obsidian  Cliff  (p.  278). 

In  the  large  porous  spherulites  several  forms  of  feldspar  growths  occur  together. 
In  one  instance  the  center  consists  of  an  aggregation  of  partial  spherulites  of  small 
size  and  positive  character.  This  is  surrounded  by  a  narrow  zone  of  cloudy  material, 
but  slightly  doubly  refracting,  and  with  a  positive  character.  Outside  of  this  zone 
the  porous  portion  of  the  spherulite  begins.  It  is  made  up  of  nearly  straight  radi- 
ating fibers  of  feldspar,  with  weak  double  refraction,  which  are  all  positive.  From 
points  at  various  distances  from  the  center  of  the  whole  spherulite,  within  these 
positive  fibers,  there  start  stouter  libers  of  feldspar  with  stronger  double  refraction 
and  negative  character.  These  branch  out  into  radiating  bunches,  which  unite  to 
form  the  outer  zone  of  the  spherulite,  where  the  fibers  are  partly  negative  and  partly 
positive.  In  this  outer  zone  it  is  observed,  on  closer  inspection,  that  the  negative 
feldspars  form  stems  from  which  thinner  positive  feldspar  fibers  branch  like  the 
needles  of  a  pine  twig.  These  needles  curve  to  a  position  parallel  to  the  stem  and 
to  the  radii  of  the  sphere.  All  of  the  ])oron8  portion  of  the  spherulite  is  thickly 
spotted  with  pellets  of  tridymite.  The  structure  is  very  crudely  represented  by 
figs.  6  and  7  of  PI.  VII  [PI.  XXVI  of  this  bulletiu],  the  actual  structure  being 
extremely  complex,  formed  as  it  is  by  innumerable  delicate  crystals.  The  first  porous 
zone  of  weakly  refracting  rays  of  feldspar,  all  of  which  are  positive,  must  be  com- 
posed of  prisms  elongated  in  the  direction  of  the  vertical  axis,  c,  with  the  plane  of 
the  optic  axes  in  the  plane  of  symmetry.  The  branching  groups  of  strongly  refract- 
ing feldspars,  which  are  all  negative,  must  be  prisms  parallel  to  the  clinoaxis  a; 
they  are  twinned  according  to  the  Manebach  law.  In  the  outer  zone  these  latter 
prisms  send  out  thinner  ones  in  the  direction  of  the  vertical  axis,  c,  which  are  posi- 
tive. These  thinner  needles  branch  forward  from  both  sides  of  the  twinned  stem; 
consequently  the  crystallization  of  the  twinned  prism  must  have  advanced  out  from 
the  angle  2  /?  made  by  the  c  axes  of  the  twinned  halves  of  the  crystal. 

The  synchronous  growth  of  crystals  of  the  same  mineral  with  two  distinct  hal»its 
is  a  natural  consequence  of  crystallographic  branching  as  distinguished  from  that 
due  to  the  splitting  or  cracking  of  microlites.^  Its  occurrence  in  this  rock  indicates 
how  slight  may  be  the  diflerence  in  the  conditions  under  which  either  form  of  crystal 
is  induced.  This  accords  with  the  fact  that  wo  find  no  fixed  order  in  which  positive 
and  negative  spherulitic  growths  have  been  developed.  In  the  rock  of  Obsid  ian  CI  ift' 
they  alternate  with  each  other,  sometimes  one  having  started  first  an<l  sometimes 
the  other. 


1 0.  Lehman,  Molekular  Physik,  Leipzig,  1888,  p.  378. 


160 


THE    EDUCATIONAL    SERIES   OF    ROCK    SPECIMENS,     [bull.  150. 


The  chemical  composition  of  the  Hthoidite  at  Obsidian  Cliff  is  shown 
by  the  following  analysis,  made  by  J.  E.  Whitfield : 

Aualyais  of  Hthoidite  from  Obsidian  Cliffy  Yellowstone  yational  Park, 


Per  rent. 

SiO, 75.50 

TiO, ;      none 

Al,0, 13.25 


Fe,0, 

FeO-. 

MnO. 

CaO.. 
i  MgO. 
;    Li,0. 

Na,0. 

K,C). . 

p»o.. 

SO,.. 
H,0.. 


1.02 

.91 

none 

.90 

.07 

.06 

4.76 

2.85 

none 

.32 

.41 


Total 


100.05 


No.   63.    LiPARITE. 

(From  Pinto  Peak,  Eureka  County,  Nevai>a.     Described  by  J.  P.  Iddings.) 

The  rhyolite  of  Pinto  Peak  is  part  of  a  large  body  of  rhyolitic  lava 
that  has  been  poured  out  over  a  limestone  country,  and  that  is  accom- 
panied by  breccia,  tuff,  and  pumice  of  the  same  magma.  It  is  mostly 
white,  or  light  gray,  and  lithoidal,  with  abundant  minute  cavities,  pro- 
ducing a  rough  fracture,  and  sometimes  an  earthy  appearance.  Tlie 
rock  is  filled  with  phenocrysts  of  dark-colored  quartz  and  colorless 
and  white  feldspars,  besides  minute  crystals  of  biotite.  In  some  cases 
minute  red  garnets  may  be  seen  with  a  pocket  lens.  The  most  con- 
spicuous constituent  is  (quartz,  whose  dark-colored  substance  is  strongly 
contrasted  with  the  white  grouudmass.  The  quartzes  are  cracked, 
and  seldom  exhibit  crystallographic  forms.  Feldspar,  though  equally 
abundant,  is  less  noticeable  because  of  its  color.  It  is  brilliant  and 
glassy,  and  is  partly  sanidine  and  partly  plagioclase.  Biotite  occurs 
in  distinct  six-sided  crystals. 

In  thin  section  the  rock  consists  of  a  holocrystalline  groundmass  and 
porphyritic  crystals  and  angular  fragments.  The  groundmass  exhibits 
fiow-structure,  which  is  expressed  by  streaks  of  semiopaque,  faintly 
yellow  material  with  no  definite  characteristics.  The  arrangement  of 
the  crystal  particles  presents  no  special  connection  with  the  flow- 
structure,  except  in  some  instances.  The  form  of  the  grains  in  the 
groundmass  is  indefinite  and  allotriomorphic;  their  size  varies  from 
microscopic  to  submicroscopic  proportions,  so  that  their  existence  is 
■tferred  from  their  action  on  polarized  light.  The  structure  is  then 
'»7/  as  wJcrocryptocrystMiue. 
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A  stady  of  favorable  spots  shows  the  groutidmass  to  consist  of  micro- 
scopic interpenetrating  grains  of  quartz  and  feldspar,  through  which 
are  scattered  larger  grains,  about  0.06 "™  in  diameter,  for  the  most 
part  quartz;  a  portion  is  orthoclase  and  plagioclase.  There  are  also 
minute  crystals  of  biotite  in  some  cases,  and  a  small  amount  of  light 
red  garnet  in  irregularly  shaped  grains.  The  latter  is  quite  uniformly 
distributed  through  the  mass  of  the  rock. 

The  phenocrysts  of  quartz  occur  in  well-developed  dihexahedrons, 
and  in  angular  fragments;  rarely  as  rounded  grains.  They  are  irreg- 
ularly cracked  and  free  from  imx)urities,  but  sometimes  contain  bays 
of  groundmass  and  a  few  colorless  gla^s  inclusions.  Around  the  inclu- 
sion may  sometimes  be  seen  double-refraction  phenomena,  which  have 
been  produced  by  internal  strain.  This  in  some  cases  has  caused  small 
cracks  that  pass  through  the  center  of  the  dihexahedral  glass  inclusion 
and  extend  short  distances  into  the  quartz  crystal  along  three  planes 
corresponding  to  three  planes  of  symmetry  in  the  crystal.  Occasion- 
ally there  are  fluid  inclusions  with  moving  bubbles. 

The  feldspar  phenocrysts  are  sauidine,  and  also  plagioclase  in  varia- 
ble proportions.  Thie  substance  of  the  feldspars  is  fresh  and  very  free 
from  impurities.  Their  forms  are  sometimes  crystallographic,  often 
angular  and  fragmental.  The  twinning  of  the  feldspars  is  character- 
istic. Many  of  the  sanidines  are  Oarlsbad  twins;  the  plagioclase 
exhibits  polysynthetic  twinning  according  to  the  albite  law,  and  some- 
times according  to  the  pericliue  law.  Zonal  structure  is  rarely  observed. 
Cleavage  is  frequently  perfect,  though  often  wanting;  conchoidal  frac- 
tures occur,  and  the  resemblance  to  quartz  is  so  strong  that  optical  tests 
are  necessary  to  distinguish  them.  The  sanidine  often  exhibits  a  very 
small  angle  between  the  optic  axes,  and  the  plane  of  the  ox)tic  axes  is 
sometimes  normal  to  the  plane  of  symmetry  and  sometimes  parallel 
to  it. 

The  plagioclase  feldspar  is  probably  oligoclase,  its  substance  is  like 
that  of  sanidine,  and  the  polysynthetic  twins  are  also  twinned  actiord- 
ing  to  the  Carlsbad  law.  Gas  cavities  sometimes  occur,  but  none  of 
glass.  Biotite  occurs  in  small  crystals,  dark  brown,  with  small  optical 
angle.  Zircon  occurs  sparingly.  Magnetite  is  almost  entirely  absent; 
occasionally  a  minute  crystal  of  it  may  be  seen.^ 

•  For  further  description  see  Munngraph  XX,  U.S. Geological  Survey, Geology  of  th<j  Eureka  Dis- 
trict, by  Ajmold  Hague,  pp.  237, 264, 374. 

Bull.  160 11 
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The  chemical  composition  is  given  in  the  following  analysis  by  Dr. 
Edward  Hart: 

Analysis  of  liparite  from  Pinto  Peak,  Nevada, 


SiO, 

TiO, 

A1,0, 

Fe^Os 

FeO 

MnO 

MgO 

CaO 

Na,0.. 

K,0 

P.O. 

Ignition  ... 

Total 


iPer  <*ent. 


73.91 


15.20 


0.89 


0.77 
3.62 
4.79 
0.07 
1.19 


100.53 


No.  64.  Nbvaditb. 

(From  Chalk  Mountain,  Eagle  County,  Colorado.    Described  by  Whitman 

Cross.) 

Geologic  ocmirrence, — The  nevadite  of  which  No.  64  is  a  specimen 
forms  a  low  mountain  mass  between  the  headwaters  of  the  Arkansas, 
Eagle,  and  Tenmile  rivers.  The  mountain  lies  on  the  continental 
divide,  and  has  steep  slopes  with  a  cliff  at  the  top  on  the  sonth,  east, 
and  north,  while  cut  into  by  stream  branches  on  the  west.  The  nearly 
level  summit  lies  at  an  elevation  of  a  little  less  than  12,000  feet  on  the 
eastern  side  of  the  mass.  The  mountain  derives  its  name  from  the 
white  color  of  the  cliffs. 

AH  about  the  mass,  which  is  2  miles  in  longest  diameter,  Carbon- 
iferous sandstones  and  conglomerates  of  the  Weber  formation  are 
exposed,  but  the  contacts  with  the  nevadite  are  so  much  obscured  by 
talus  slopes  that  the  relation  of  the  sedimentary  to  the  igneous  rock 
can  not  be  fully  made  out.  From  the  structure  of  the  nevadite  it  is 
inferred  that  the  mass  seen  must*have  consolidated  very  near  the  sur- 
face. The  body  is  interpreted  as  an  irregular  intrusive  sheet  cutting 
obliquely  across  the  Carboniferous  strata,  and  it  is  assumed  that  parts 
of  the  magma  may  have  reached  the  surface  and  formed  lava  streams. 

Definition. — The  term  nevadite  is  here  applied,  as  defined  by  Hague 
and  Iddings,^  to  a  rhyolite  "characterized  by  an  abundance  of  porphy- 
ritic  crystals  embedded  in  a  relatively  small  amount  of  groundmass." 

General  description. — This  rock  has  many  phenocrysts  of  sanidine, 
oligoclase,  smoky  quartz,  and  a  few  of  biotite,  embedded  in  a  light- 
gray  groundmass  which  a  hand  lens  shows  to  be  evenly  granular  and 
specked  by  numerous  small  biotite  leaves  and  a  dust  of  magnetite. 


^Am.  JouT.  Sci,  3d  series,  Vol.  XXVII,  1884,  p.  461. 
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Two  somewhat  differeDt  modifications  are  represented  in  the  collection. 
One  has  large  sanidine  crystals,  reaching  a  maximam  length  of  3^*", 
which  usually  show  a  delicate  satiny  luster  parallel  to  a  steep  ortho- 

dome,  apparently  -^  P  o6,  (15.0.2).    In  the  other  form  of  the  rock  the 

sanidines  are  smaller  and  clearer  with  faint  luster,  if  any.  Both  varie- 
ties have  numerous  smoky  quartz  crystals,  generally  much  fractured, 
and  showing  prismatic  and  pyramidal  faces.  Oligoclase  is  present  in 
many  small  phenocrysts,  and  these  are  often  included  in  the  larger 
sanidine  crystals.    The  mica  is  a  very  subordinate  element  of  the  rock. 

The  phenocrysts. — The  especially  noteworthy  mineral  of  the  rock  is 
sanidine.  Its  crystals  are  fresh  and  glassy,  usually  developed  as  thick 
tablets  parallel  to  the  cliuopinacoid,  with  prism  and  two  or  three 
orthodomes  as  the  terminal  planes.  Carlsbad  twinning  is  common. 
The  delicate  satiny  luster  referred  to  is  very  beautifully  developed  in 
many  crystals.  The  luster  is  due  to  films  of  air  between  the  thin 
plates  of  a  very  perfect  parting  which  is  not  exactly  like  a  cleavage. 
When  actual  separation  of  these  plates  has  not  occurred  there  is  some- 
times an  exquisite  blue  color  to  be  seen  parallel  to  the  steep  orthodome. 
This  color  is  most  brilliant  in  the  small  sanidines  of  certain  rhyolites, 
where  no  cleavage  parallel  to  the  dome  in  question  can  be  detected. 

The  numerous  small  crystals  of  oligoclase  in  this  nevadite  are  quan- 
titatively much  less  than  the  sanidines.  They  are  frequently  included 
in  the  latter. 

Quartz  occurs  very  abundantly  in  more  or  less  rounded  or  resorbed 
crystals.  The  material  is  very  pure,  free  from  inclusions  of  other  min- 
erals or  of  glass,  and  from  penetrating  arms  of  the  groundmass.  Gas 
IK)res  of  very  minute  size  are  numerous,  and  also  tluid  intrusions  with 
relatively  little  fluid  in  them. 

Biotite  is  sparingly  developed  in  rudely  hexagonal  leaves,  i^ontainiug 
many  included  grains  of  magnetite. 

The  groundmass, — Quartz  and  feldspar  in  very  even-grained  mixture, 
with  flakes  of  biotite,  constitute  the  groundmass.  Quartz  is  very  often 
developed  in  double  pyramids,  leaving  the  feldspar  to  occur  in  irregular 
grains.  -But  little  triclinic  feldspar  can  be  detected.  There  are  some- 
times small  gas  pores  between  groundmass  grains,  and  in  some  sections 
there  appears  to  be  a  very  small  amount  of  clear  amorphous  substance 
in  angular  spaces  between  the  quartz  and  feldspar  particles  of  the 
groundmass.  This  is  never  sufficiently  developed  to  form  a  basis,  and 
while  it  seems  to  be  residual  glass  its  nature  is  not  clearly  determinable. 
It  is  identical  in  appearance  and  development  with  what  has  been 
determined  as  glass  in  the  rhyolite  of  the  Hohenburg,  near  Berkum  on 
the  Bhine. 

Occasionally  there  are  drusy  cavities  in  this  nevadite  which  contain 
many  thin  sanidine  tablets  and,  rarely,  a  few  stout  crystals  of  quartz 
and  topaz.    This  occurrence  of  topaz  was  the  first  to  be  <LfiA&\L\^^^  ^s^ 
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primary  iu  igDeons  rocks.  Topaz  is  now  known  in  lithophysal  cavities 
of  many  rhyolites,  and  the  development  of  these  drusy  cavities  in  the 
Chalk  Mountain  nevadite,  with  the  occurrence  of  topaz  in  them,  is  one 
of  the  principal  indications  that  the  rock  consolidated  near  the  earth's 
surface. 

Chemical  composition. — A  specimen  of  the  finer-grained  rock  of  Ohalk 
Mountain  was  subjected  to  quantitative  analysis  by  W.  F.  Hillebraud 
with  the  following  result,  under  I.  The  clear  sanidine  phenocrysts 
have  the  composition  given  under  II. 

Analysed  of  nevadite  and  sanidine  from  Chalk  Mountuin,  Colorado, 


SIO,  . 
A1,0, 
Fo,(), 
FeO.. 
MnO, 
CaO  . 
MgO. 
KjO  . 

Li,0. 
lIjO 


\\0s 


Total 


I. 

n. 

Percent. 

Per  cent. 

74.45 

65.04 

14.72 

20.40 

none 

0.56 

0.28 

0.83 

0.79 

0.37 

4.53 

9.74 

3.97^ 

trace/ 

4.U 

0.66 

.29 

0.01 

100.38 

100.37 

Si>ecittc  gravity  of  rock,  2.61  at  32°  C 

There  i)robably  shouhl  have  been  a  very  small  amount  of  Fe^Oa 
found,  but  the  rock  analyzed  was  nearly  free  from  magnetite,  and 
contained  little  biotite.  Mn02  is  present  as  a  stain  of  pyrolusite  in 
X^atches  through  the  rock.  It  is  clear  that  the  rock  has  a  large  excess 
of  silica  as  quartz  and  that  much  of  the  soda  is  present  in  the  sanidine. 

The  following  publications  by  the  writer  refer  to  the  nevadite  of 
Chalk  Mountain : 

Bull.  U.  S.  Geol.  Survey,  No.  20,  Contributions  to  the  Mineralogy  of  the  Rocky 
Mountains,  pp.  75-80.     On  the  luster  exhibited  by  sanidine  in  certain  rhyolite*. 

Ibid.,  pp.  81-82.    An  unusual  occurrence  of  topaz. 

Mon.  r.  S.  Geol.  Survey,  Vol.  XII,  Geology  and  Mining  Industry  of  Leadvillc, 
Colorado,  by  S.  F.  Emmons.     In  Appendix  I,  Petrography,  pp.  345-349.  " 

No.  65.  Metarhyolite. 


(From  Utley,  Green  Lake  County,  Wisconsin.    Described  by  S.  Wkidman.') 

The  Utley  metarhyolite  (quartz-keratophyre)  is  of  pre  Cambrian  age, 
probably  Keweenawau,  and  occurs  as  a  single  knob  in  unconformable 


'Adapted  from  an  article  on  the  Utley  metarhyolite :  Bull.  No.  3,  Geol.  and  Nat.  Hist.  Survey  of 
Wjsconain. 
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contact  with  lower  Ordovician  sandstoDC  and  limestone.    It  is  intruded 
by  a  few  small  dikes  of  diabase  of  pre-Cambrian  age. 

The  normal  rock  of  this  area  has  a  dark — almost  black — groandmass, 
in  which  are  embedded  numerous  phenocrysts  of  feldspar  and  quartz. 
The  rock  is  very  compact  and  brittle,  and  breaks  easily,  with  a  con- 
choidal  fracture. 

The  phenocrysts  of  feldspar,  which  are  more  numerous  than  those 
of  quartz,  are  grajdsh  white  in  the  fresh  specimens,  but  are  somewhat 
reddish  on  the  weathered  surface,  owing  to  alteration.  They  vary  in 
size  from  1™"  to  5™™  in  diameter,  and  sometimes  in  certain  coarse  si)ots 
they  attain  a  thickness  of  8™"*  and  even  10"'™.  These  feldspar  crystals 
are  triclinic,  as  is  indicated  by  their  well-develop  d  cleavage,  the  angle 
between  the  two  most  important  cleavage  faces  Ueing  about  93°  32''. 

The  quartz  crystals,  as  seen  in  the  hand  specimen,  have  the  char- 
acteristic limpid  appearance,  and  usually  possess  good  crystal  forms, 
but  are  sometimes  rounded.  They  vary  in  size  and  are  approximately 
equidimensional  with  the  feldspar  phenocrysts  with  which  they  are 
associated. 

The  dark-colored  groundmass  is  megascopically  very  dense  and 
aphanitic  and  always  breaks  along  curved  x)lanes.  Thick  masses  of 
nodules  or  spheroids,  produced  by  spheroidal  parting,  which  pheno- 
menon is  brought  out  clearly  on  the  weathered  surface,  form  an  inter- 
esting feature  of  this  rhyolite  outcrop.  The  spheroids  vary  in  size 
from  J  inch  to  1 J  inches  in  diameter,  and  do  not  differ  in  composition 
or  texture  from  the  normal  rock  in  which  they  occur.  They  have  sep- 
arated out  as  nodules  by  weathering  or  altering  along  the  spheroidal 
partings.  These  partings  are  produced  by  contraction  during  the 
original  cooling  of  the  magma. 

Under  the  crossed  nicols  of  the  microscope  and  with  low  power  the 
feldspar  crystals  of  thin  sections  of  the  rock  always  have  a  mottled 
appearance.  With  a  higher  power,  this  mottled  appearance  is  seen  to 
be  due  to  a  close  intergrowth  of  two  varieties  of  feldspar,  producing 
what  is  termed  a  microperthitic  feldspar  or  microperthite.^  Besides  this 
roicroperthite  there  are  a  few  phenocrysts  of  polysynthetically  twinned 
plagioclase,  probably  near  the  albite  end  of  the  series.  There  is  a  defi- 
nite relation  between  this  twinned  plagioclase  and  the  microperthite 
which  will  be  referred  to  again. 


'The  term  microperthite,  which  is  usually  meant  to  luclude  an  intergrowth  of  urthochise  with  jilbite 
or  other  acid  plagioclase,  is  here  extended  and  meant  to  include  intergruwths  within  the  ])lagiucla8e 
series  as  well. 
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The  chemical  compositioii  of  this  feldspar,  as  determined  by  0.  F* 
Tolman,  is  as  follows : 

Analysia  of  feldspar  of  the  Utley  metarhyolite. 


Per  cent. 


SiO,  . 
A1,0, 
FeO  .. 
CaO  .. 
K,0  . . 
Na,0 


«2.57 
18.12 
1.32 
5.52 
5.11 
7.20 


Total 


09.84 


The  microperthite  is  distinctly  triclinic,  as  shown  by  it«  cleavage 
system.  Its  chemical  composition  and  optical  properties  are  such  as  to 
place  it  entirely  within  the  plagioclase  series,  the  intergrown  plagioclase 
species  ranging  from  albite  to  andesine. 

The  microperthite  phenocrysts  are  usually  composed  of  intergrowths 
of  two  varieties  or  species  of  feldspar.  One  species  that  is  always 
present  is  albite,  having  an  extinction  angle  of  +  19^  on  the  brachy- 
pinacoid  (oo  Pdb).  Another  species  that  is  usually  if  not  always  present 
is  a  variety  of  oligoclaseandesine,  having  an  extinction  angle  of  from 
+  50  to  70  on  the  same  face  (x  P  ob).  In  one  case  the  microperthite 
proved  to  be  albite  and  andesine,  the  latter  having  an  extinction  angle 
of  -  30  on  00  P3b. 

The  nature  of  the  microperthite  is  that  of  a  lamellar  intergrowth  of 
albite  with  a  more  basic  plagioclase,  each  species  tending  to  have  a  defi- 
nite crystal  form  with  vertical  axes  in  a  common  direction.  It  has  a 
regular  and  invariable  arrangement  of  its  component  feldspars,  unless, 
as  in  a  few  cases,  it  has  been  interfered  with  by  excessive  pressure. 
The  appearance  of  the  microperthite  in  a  section  cut  parallel  to  the 
brachypinacoid  (00  P  dc)  is  shown  in  Fig.  B  of  PI.  XXVIII. 

The  microperthite  is  wholly  secondary — that  is,  its  development  by 
processes  of  metamorphism  has  been  long  subsequent  to  the  original 
crystallization  and  solidification  of  the  magma.  This  process  of  change 
in  the  upbuilding  of  the  microperthite  may  be  said  to  have  been  accom- 
plished by  three  somewhat  different,  yet  related,  methods. 

First,  by  outgrowths  on  older  feldspan  Growth  of  this  kind  is  shown 
in  Fig.  A,  PI.  XXVIII,  photographed  in  polarized  light.  The  outer 
shell  of  microperthite  is  seen  to  inclose  a  twinned  plagioclase  of  perfect 
crystal  form.  The  outer  boundary  of  the  enlargement  is  somewhat 
irregular.  The  inner  crystal  contains  fractures  which  do  not  extend 
into  the  microperthite.  The  outer  zone  of  microperthite  is  fresh,  while 
the  inner  core  shows  much  decomposition.  The  relation  of  the  micro- 
perthite to  the  twinned  plagioclase,  as  seen  in  this  photograph,  shows 
tliat  the  latter  was  fractured  and  considerably  altered  before  the  forma- 
lon  of  the  rim  of  microperthite. 
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Second,  by  regeneration  of  older  plagioclase.  In  this  process  the 
perthitic  intergrowtbs  of  albite  and  oligoclase-andesine  are  products 
of  the  recrystallization  of  the  older  twinned  plagioclase.  This  process 
begins  along  the  outer  boundaries  and  fractures  of  the  older  crystal 
and  very  probably  takes  place  along  the  easy  solution  planes  of  the 
latter.  The  c  axes  of  the  perthitic  growths  are,  except  in  a  few  cases, 
parallel  to  the  c  axes  of  the  original  crystal.  This  relation  is  shown  in 
Fig.  Bj  PL  XXYIII,  This  process,  to  a  small  extent,  has  gone  on  in 
the  crystal  shown  in  the  photograph  Fig.  A,  PI.  XXVIII.  In  the 
lower  left-hand  part  of  the  inner  crystal  core,  above  the  dark  line  sepa- 
rating the  original  from  the  secondary  feldspar,  is  a  small  area  of  perth- 
ite  forming  out  of  the  older  crystal.  Numerous  other  cases  could  be 
cited  ^  where  the  alteration  of  the  twinned  plagioclase  to  microperthite 
has  been  brought  about.  The  unperthitized  feldspar  is  always  in  an 
advanced  stage  of  alteration,  while  the  microperthite  is  always  fresh. 

Third,  by  new  growth  from  the  groundmass.  This  process  has  devel- 
oped small  irregular  crystals.  These  irregular  crystals  of  microperthite 
have  a  medial  suture  from  which  extend  normally  radiating  fibers  of 
microperthite. 

These  processes  of  change  have  very  probably  been  aided  by  pres- 
sure. In  some  cases  cross  twinning  after  the  pericline  law  has  been 
induced  in  the  original  crystal  by  pressure.  In  such  cases  the  later 
growth  of  perthite  seems  to  follow  along  the  comi)osition  faces  of  the 
pericline  twins.  When  the  latter  phenomenon  occurs,  the  laths  of 
perthite  have  their  longer  direction  almost  normal  to  the  c  axis  of  the 
older  crystal. 

The  quartz  phenocrysts  have  a  fairly  perfect  crystal  form,  but  are 
sometimes  rounded.  They  are  often  corroded  and  have  embayments, 
and,  like  some  of  the  feldspar  crystals,  show  the  effect  of  a  moving 
magma  by  being  cracked  and  broken,  the  dismembered  parts  being 
separated  by  films  of  groundmass.  They  often  contain  rounded  and 
rhombic-shaped  areas  of  included  groundmass.  Ehombic  cleavage  is 
developed  in  some  of  the  crystals, 

Biotite,  although  not  apparent  in  the  hand  specimen,  is  seen  to  be 
rather  abundant  in  the  thin  section.  It  occurs  as  minute,  short,  tabu- 
lar crystals,  to  some  extent  scattered  throughout  the  groundmass,  but 
also  seems  to  be  congregated  in  little  patches  and  in  zones  about  the 
feldspar  crystals,  and  in  the  fractures  as  vein  material.  It  is  probably 
wholly  secondary. 

Hornblende  was  once  present  in  this  rock,  but  has  been  completely 
altered.  The  fact  that  it  was  once  present  is  indicated  by  angular 
areas  having  the  typical  outlines  of  basal  sections  of  this  mineral.  The 
hornblende  is  replaced  by  other  minerals,  such  as  magnetite,  calcite, 
epidote,  biotite,  sphene,  apatite,  garnet,  and  quartz.  These  minerals 
also  occur  scattered  throughout  the  groundmass.  Minute  flakes  of 
brown  hornblende,  of  secondary  origin,  occur  to  some  extent  in  the 
rock. 

» A  moro  comfmhenfiive  fliseussion  of  the  origin  und  uaturv^  ot  \Xvft  uvvcTo^TVXvWft  \%  ^N««i^Va.  ^^"^ 
ptper  dted  on  page  165. 


EXPLANATION  OF  PLATE  XXVIII. 

SECTIONS  OF  MKTARHYOLITE. 

Fig.  A,  MeiarhyoHte,  Utley,  Wisconsin;  slide  4379,  University  of  Wisconsin  Col- 
lection :  Secondary  growth  of  microperthito  about  plagioclase.  In  polarized  light, 
X  30.  Twinned  plagioclase  core  with  crystal  form,  fractured  and  containing  many 
secondary  inclusions  of  biotite  in  the  fractures,  and  what  is  probably  sericite  distrib- 
uted through  tho  plagioclase.  The  fractures  and  decomposition  products  are  con- 
fined to  the  core.  The  outer  rim  is  made  up  of  short  laths  and  wedges  of  feldspar 
lying  in  a  parallel  direction,  giving  a  distinct  difference  in  appearance  to  the 
ordinary  twinned  feldspar  of  the  core.  The  secondary  enlargement  has  been  inter- 
fered with  in  its  development  by  the  small  phenocryst  above  and  to  the  right.  In 
the  lower  left-hand  comer  of  the  older  ])lagioclasc  crystal,  above  the  boundary 
line  of  core  and  rim,  is  a  patch  of  microperthito,  which  is  similar  to  that  of  the  rim. 
The  inner  patch  is  a  product  of  the  regeneration  of  the  twinned  plagioclase;  the 
surrounding  rim  is  a  development  from  the  groundmass.  The  position  of  the  frac- 
tures and  decomposition  products  within  the  plagioclase  core  establishes  the  earlier 
origin  and  advanced  motamorphism  of  the  plagioclase  previous  to  the  development 
of  the  microperthite. 

Fig.  /?.  Metarhyolitc,  Utley,  Wisconsin ;  slide  3846,  University  of  Wisconsin  Col- 
lection: Phenocryst  of  the  microperthite  in  polarized  light,  X  30.  Section  cut 
parallel  to  oo  P  ob  on  the  M  face,  showing  basal  cleavage.  A  bisectrix  nearly  nor- 
mal. The  angle  of  extinction  of  dark  part  is  from  -f  3^  to  +6°;  of  the  light  part 
about  -f- 19^.  The  large  amount  of  liuie  in  the  feldspar  coupled  with  the  lower 
angle  of  extinction  of  the  dark  part  indicates  that  the  latter  is  oligodase  with  a 
composition  of  AbiAui.  The  light  part  is  albite.  The  microperthite  is  secondary, 
and  the  two  varieties  of  feldspar  are  developed  with  their  c  axes  parallel  to  tho  c 
axis  of  the  original  feldspar. 
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The  gronndmass  is  composed  of  microscopic  grains  of  interlocked 
qnartz  and  feldspar,  intermingled  with  which  are  minate  opaque  specks 
and  grains  of  iron  oxide.  To  this  iron  oxide  and  other  dark -colored 
microscopic  minerals  is  dae  the  blackish  color  of  the  gronndmass  as 
seen  in  the  hand  specimen.  These  small  dark-colored  minerals  are 
arranged  in  sinuons  lines  and  curve  about  the  porphyritic  crystals, 
producing  the  common  fluxion  texture  characteristic  of  lava  flows. 
There  is  also  developed  in  some  specimens  a  radial  spherulitic  texture 
of  the  gronndmass,  and  in  other  specimens  the  mottled  poecilitic  tex- 
ture. The  gronndmass  was  once  partly  and  probably  wholly  glassy, 
and  is  now  devitrifled.  This  devitrification  has  been  accomplished,  in 
great  part  at  least,  by  secondary  processes  since  the  original  solidifica- 
tion of  the  magma. 

In  the  thin  sections  of  the  rock  from  the  nodular  or  spheroidal  beds 
occur  abundant  examples  of  i)erlitic  parting  in  the  gronndmass.  The 
perlitic  parting  assumes  the  shape  of  curved  fractures  sometimes 
approaching  circles,  but  more  often  only  parts  of  circles  or  of  other 
curvilinear  forms.  From  these  minute  curved  cracks  there  extend,  with 
their  longer  axes  perpendicular  to  the  parting,  small  crystals  of  feldspar 
or  of  feldspar  and  quartz,  giving  the  appearance  of  a  radial  or  spheru- 
litic crystallization  along  the  fracture.  In  the  circular  and  curvilinear 
forms  of  perlitic  parting,  the  radii  of  feldspar  appear  as  zones  sur- 
rounding an  inner  cryptocrystalline  gronndmass  which  is  like  that  out- 
side of  the  zone.  This  phenomenon  is  in  close  similarity  to  the  larger 
structure  of  the  spheroids  of  the  hand  specimens  and  indicates  a  common 
origin  of  the  two  structures.  Throughout  the  area,  as  shown  in  both 
the  hand  specimen  and  thin  sections,  are  numerous  fractures  that  are 
filled  with  secondary  quartz  and  feldspar.  The  rein  material  in  the 
fracture  of  the  feldspar  is  very  often  feldspar,  while  that  in  the  ground- 
mass  and  in  the  quartz  crystals  is  usually  quartz. 

The  chemical  composition  of  the  rock  is  as  follows: 

Analysis  of  metarhyolitc  from  Uiley,  Wisconsin, 


Per  cent. 


SiO, 

AljC), 

F©,03 

FeO 

MnO 

CaO 

MgO 

Na,0 

KjO 

H,0 

Total 


73.09 
13.43 

2.57 

trace 
2.29 
1.03 
3.85 
1.58 
.76 


98.60 
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Besides  the  constitaeuts  euamerated  in  the  analysis,  there  are  also 
present  in  the  rock  very  small  amounts  of  CO2,  ZrOj,  Ti02,  and  P2O5, 
as  indicated  by  the  microscopic  examination.  The  relatively  large 
amount  of  lime  and  soda  present  explains  the  plagioclase  composition 
of  the  microperthite.  The  proportionately  large  amount  of  soda  would 
class  this  rock  as  a  soda -quartz -porphyry  or  quartz -keratophyre. 
Applying  the  nomenclature  of  the  more  recent  volcanic  rocks  to  those 
of  pre-Cambrian  age,  the  Utley  rock  is  in  composition  and  texture  a 
typical  rhyolite,  and  in  consideration  of  its  altered  condition  may  be 
called  a  metarhyolite. 

No.  66.  Granite. 

(From   Rocklin,    Placer   County,    California.      Describbd    by   Waldbbiar 

LiNDGRSN.) 

The  granitic  area  of  Eocklin  forms  an  irregular  rounded  mass  about 
30  miles  long  and  20  miles  wide,  inclosed  towards  the  north,  east,  and 
south  by  the  auriferous  slates  of  the  Sierra  Nevada.  Westward  it  is 
bordered  by  the  alluvial  plains  of  the  Sacramento  Valley. 

As  a  rule,  the  rock  in  this  area  contains  only  black  mica  and  horn- 
blende, sometimes,  indeed,  only  hornblende  together  with  quartz  and 
feldspar,  and  is  more  closely  allied  to  a  diorite  than  to  a  granite. 
At  liockliu,  which  is  a  railroad  station  on  the  line  of  the  Central 
Pacific,  with  an  elevation  of  about  200  feet,  the  rock  assumes  a  more 
granitic  character  and  contains  both  black  and  white  mica.  It  is  some- 
what finer  grained  than  in  other  parts  of  the  area  and  makes  an  excel- 
lent building  stone.  The  extensive  quarries  at  Rocklin  supply  a  large 
.  proportion  of  the  granite  used  for  building  x)urposes  in  San  Francisco. 

The  rock  is  of  light-gray  color  and  of  medium  fine  grain.  Grayish 
quartz  grains,  white  feldspars  sometimes  with  striatiou  on  the  cleavage 
planes,  black  or  dark-brown  biotite,  and  silvery  muscovite  in  small 
scales  may  readily  be  distinguished  by  the  naked  eye. 

Under  the  microscope  the  following  primary  constituents  may  be 
discerned:  Magnetite,  apatite,  and  zircon  are  the  oldest  minerals 
occurring  as  minute  inclusions  in  the  later  consolidated  grains;  then 
come,  in  order  of  succession,  biotite,  muscovite,  plagioclase,  orthoclase, 
and  quartz. 

The  quartz,  being  the  last  consolidated  mineral,  forms  irregular 
grains,  the  outlines  of  which  are  determined  by  the  older  constituents, 
althongh  there  are  indications  that  the  consolidation  of  orthoclase  and 
quartz  in  part  went  on  simultaneously.  It  is  clear  and  fresh,  being,  of 
course,  much  less  subject  to  decomposition  than  the  other  constituents. 
It  often  shows  notable  undulous  extinction.  Fluid  inclusions  with 
moving  bubbles  are  common,  as  usual,  in  the  quartz  of  the  granites. 
Small  needles  and  foils  of  biotite  and  muscovite  occasionally  abound; 
while  there  is  a  little  apatite  in  more  or  less  slender  prisms  and  small 
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colorless  crystals  of  zircon,  recognizable  by  their  strong  double 
refraction. 

The  orthoclase  occurs,  as  a  rule,  in  clear,  irregular  grains,  together 
with  the  quartz,  between  the  more  or  less  idiomorphic  plagioclase  crys- 
tals. More  rarely  it  shows  rough  crystallographic  outlines.  Its  i)eriod 
of  consolidation  is  nearly  identical  with  that  of  the  quartz,  and  grains 
showing  a  micropegmatitic  intergrowth  of  the  two  minerals  are  not 
uncommon. 

Many  orthoclase  grains  are  filled  with  minute  quartz  grains,  all 
extinguishing  together.  Undulous  and  zonal  extinctions  occur  fre- 
quently. Fluid  inclusions  are  not  common.  The  orthoclase  is  less 
subject  to  decomi)osition  than  the  plagoclase,  to  be  described  presently, 
but  the  alteration  to  white,  fine,  micaceous  aggregates  may  often  be 
observed,  proceeding  along  the  cleavage  lines.  As  infiltrations  from 
neighboring  minerals  chloritic  aggregates  and  calcite  may  be  noted. 

The  plsigioclase  is  found  to  be  more  abundant  than  in  a  perfectly 
normal  granite.  In  many  cases  there  is  considerably  more  plagioclase 
than  orthoclase.  The  plagioclase  is  a  very  acid  soda-lime  feldspar, 
belonging  to  the  series  of  the  oligoclases;  in  only  one  instance  was  a 
grain  of  microcline  noticed.  No  albite  appears  to  be  present.  Twin 
Btriation  narrow,  not  infrequently  absent,  or  shown  by  very  few  poly- 
synthetic  lamelhe.  Double  refraction  somewhat  stronger  than  the 
orthoclase.  Zonal  structure  exceedingly  common.  The  plagioclase  is, 
in  contrast  to  the  orthoclase,  more  or  less  idiomorphic,  showing  short 
prismatic  or  lathlike  forms,  without  well  defined  terminal  faces.  Decom- 
position has,  on  the  whole,  made  greater  headway  than  in  the  orthoclase, 
and  proceeds  along  the  cleavage  line  and  also  sometimes  concentrically 
in  crystals  with  zonal  structure.  As  it  begins  the  crystals  grow  cloudy 
and  milky,  by  reason  of  minute,  irregular  air,  more  seldom  fluid,  inclu- 
sions. Small  scales  of  hematite  and  other  indeterminable  microlites 
are  noted  in  the  clouded  mass.  The  final  products  of  decomposition 
are  fine  aggregates  of  white  mica,  calcite,  and,  where  a  migration  of 
magnesian  solutions  from  adjoining  minerals  has  taken  place,  single 
foils,  and  aggregates  of  chlorite  and  epi<lote. 

The  muscovite  occurs  in  large  and  small  straight  foils,  showing  the 
usual  characteristics  of  the  mineral — strong  double  refracti(m,  white 
color  with  notable  absorption,  etc.  Idiomorphic  foils  of  biotite  may 
sometimes  be  noticed  embedded  in  a  larger  foil  of  muscovite.  The 
muscovite  does  not  decompose  readily. 

The  biotite  is  rather  more  abundant  than  the  muscovite;  it  is  from 
yellowish  to  greenish  brown,  has  very  strong  absorption,  and  occurs  as 
irregularly  bordered  straight  foils.  Inclusions  are  not  abundant;  apa- 
tite, magetite,  and  zircon  are  occasionally  noted. 

The  biotite  is  decomposed  to  a  considerable  extent,  the  resulting 
minerals  being  a  green  chlorite  and  a  yellowish-green  pleochroic  epi- 
dote.    In  a  brown  biotite  foil  green  chloritic  lamelUii  are  «»\sjl9A\\s\^^ 
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intercalated,  showing  the  way  in  which  a  complete  pseadomorph  of 
chlorite  after  biotite  may  take  place. 

The  chlorite  is  deep  green,  pleochroic,  and  shows  the  usual  deep  blae 
or  purple  colors  of  interference. 

The  structure  of  the  rock  is  characterized  as  hypidiomorphic  granu- 
lar, in  contrast  to  the  structure  designated  as  allotriomorphic  granular. 
In  the  latter  all  of  the  constituents  are  irregular  grains,  while  in  the 
former  one  or  more  of  them  show  crystallographic  outlines.  In  this 
case  the  more  or  less  lathlike  oligoclaae  crystals,  together  with  the 
micas,  lie  embedded  in  the  clear,  irregular  grains  of  the  orthoclase  and 
quartz. 

The  chemical  composition  is  shown  by  the  appended  analysis,  made 
by  W.  H.  Melville  in  the  chemical  laboratory  of  the  United  States 
Geological  Survey : 

Analysis  of  granite  from  Rocklinf  Placer  County  j  California. 


Ver  cent 


SiO,  .... 

A1,0,  -• 
Fe,0,... 
FeO 

CaO  .... 
MgO.... 

K,0 

Na,0.... 
I^itiou 


73 

16.38 

none 

.00 

2.42 

.48 

1.87 

4.53 

•  Dm 


Total 100.19 


From  this  and  from  a  study  of  the  thin  section  it  is  apparent  that 
the  rock  has  the  composition  of  a  normal  granite,  except  that  sodium 
is  present  in  unusually  large  quantity  and  that  a  considerable  part  of 
the  orthoclase  is  replaced  by  oligoclase. 


No.  67.  Biotite- GRANITE. 

(From  Platte  Canyon,  Jefferson  County,  Colorado.    Lescribed  by 

E.  B.  Mathews.) 

The  granites  from  the  Platte  Canyon  are  but  a  portion  of  the  large 
granitic  area  which  extends  along  the  whole  length  of  the  Colorado  or 
Front  Eauge.  In  the  area  described  in  the  Pikes  Peak  folio  of  the 
United  States  Geologic  Atlas  a  large  portion  of  the  district  is  occupied 
by  a  granitic  complex  which  has  been  found  to  consist  of  several  varie- 
ties of  granites  tliat  can  be  grouped  under  four  heads,^  of  which  the 
Pikes  Peak  type  is  the  most  prominent.  To  this  type  belong  the  rocks 
of  this  series.    The  fresh  unaltered  granites  are  coarse  grained  aggre- 
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*T)jc  ^TTiiiites  of  Pikes  Peak,  Colorado,  liy  Edward  B.  Mathews:   Bull.  Geol.  Soc.  AmericAi  VoL 
1894-95,  pp.  471-473. 
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gates  of  quartz,  perthitic  feldspar,  and  biotite  with  an  occasional  flno- 
rite  megascopically  developed.  The  microscope  also  reveals  apatite, 
zircon,  magnetite,  rutile  ( ?),  hematite,  limonite,  and  epidote. 

The  rocks  are  generally  of  a  pinkish  tone,  which  becomes  more  accen- 
tuated during  incipient  alteration  and  fades  away  when  the  rocks 
have  undergone  considerable  metamorphism.  The  grain  of  the  granite 
varies  widely  from  a  ca«e  in  which  the  feldspar  phenocrysts  are  6 
inches  in  length  to  the  more  normal  grain  in  which  the  length  of  the 
feldspar  individuals  is  not  more  than  one-fourth  of  an  inch.  In  the 
specimens  belonging  to  this  series  the  usual  dimensions  are  one-half 
an  inch  for  the  feldspar  and  one- fourth  to  one-eighth  of  an  inch  for  the 
quartz.  The  biotite  areas  are  generally  smaller  than  the  quartz  indi- 
viduals, although  sometimes  they  may  be  one-half  an  inch  in  width. 
The  texture  of  the  Pikes  Peak  type  varies  from  an  aggregate  of  min- 
erals in  which  the  feldspar  is  only  slightly  larger  than  the  quartz  to  one 
in  which  the  feldspar  stands  out  in  large  imperfectly  formed  porphy- 
ritic  crystals.  The  mass  of  the  rock  is  composed  of  three  or  four  mineral 
species,  of  which  microcline  is  by  far  the  most  important.^ 

The  quartz  is  present  in  large,  irregularly  rounded  grains,  which  are 
distinctly  outlined  against  the  feldspathic  and  micaceous  constituents. 
Toward  the  feldspars  the  quartz  appears  normally  younger,  although  its 
contact  with  the  larger  porphyritic  microcline  sometimes  indicates  that 
the  quartz  had  already  consolidated  before  the  formation  of  the  pheno- 
crysts. In  thin  sections  the  quartz  is  seen  to  occur  either  as  primary 
individual  grains,  or  in  pegmatitic  iutergrowths  with  the  feldspar,  or 
as  secondary  grains  filling  the  interstices  and  cracks  which  were  formed 
subsequent  to  the  consolidation  of  the  rock.  The  largest  fragments  of 
the  quartz  may  be  one-fourth  of  an  inch  in  diameter  or  the  individual 
grains  may  scarcely  be  distinguished  with  the  highest  power  of  the 
microscope.  Within  the  quartz  are  included  numerous  fluid  and 
individualized  interpositions.  They  are  arranged  in  long  bands  or  are 
disseminated  irregularly  throughout  the  host.  Sometimes  there  are 
long  hair-like  inclusions  whose  mineral  characteristics  can  not  be  spe- 
cifically determined.  These  are  the  well-known  "quartz  needles," 
which  have  been  considered  by  various  authors  as  rutile,  apatite,  tour- 
maline, hornblende,  or  sillimauite.  In  a  few  instances  their  nature  has 
been  determined,  but  in  the  granites  of  this  series  the  filaments  are  too 
fine  to  permit  such  specific  determination. 

1 A  mechanical  separation  of  20  Krams  of  the  powered  rock  shows  the  constituents  to  be  present  in 
the  following  proportion  by  weight : 

Per  cent. 

MiorooUne....' 63.33 

QaartoB 33.41 

Biotite 10.71 

OUgodAse 2.55 

Under  the  term  "quartz"  are  included  those  fine  filaments  of  albite  which  were  separated  from 
the  microeline  in  the  crushing,  while  in  "biotite"  are  included  all  of  those  minerals  which  were  not 
floated  In  m  Thonlet  solution  when  at  its  maximum  density  of  3.1. 
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Microcline  coustitntes  more  than  one-half  of  the  rock  mass,  and  in 
all  instances  shows  the  characteristic  microcline  twinning.  The  color 
of  this  mineral  is  the  principal  soarce  of  the  pink  tone  noticed  in  the 
rock  specimens,  and  is  usually  dae  to  the  presence  of  minute  hematite 
flakes  evenly  disseminated  through  the  feldspar,  or  to  iron  staining 
along  the  cracks.  The  size  of  the  feldspar  individuals  varies  widely, 
but  in  the  rocks  of  this  collection  it  may  be  large  or  small,  since  the 
microcline  usually  occurs  both  in  phenocrysts  and  as  a  constituent  of 
the  groundmass.  The  phenocrysts  may  occur  in  rudely  automorphic 
crystals,  showing  poorly  defined  pinacoidal  and  prismatic  faces,  which 
give  to  the  mineral  a  prismatic  habit  in  which  the  elongation  is  parallel 
to  the  clinoaxis.  In  the  groundmass  the  feldspar  individuals  are  small, 
somewhat  larger  than  the  quartz  and  without  crystal  form,  occurring 
only  as  irregularly  outlined  grains  or  anhedrou». 

The  microcline  of  these  rocks  may  show  twinning  in  addition  to  that 
according  to  the  albite  law  which  produces  the  so-called  microcline 
structure.  Such  twinning  may  be  according  to  the  Oarlsbad  law,  in 
which  the  twinning  plane  is  the  orthopinaciod,  or  more  commonly  the 
twinning  plane  may  be  the  basal  pinacoid,  according  to  the  Manebach 
law.  Throughout  these  potassium  feldspars  are  numerous  fine  disks, 
lenses,  or  stdngers  of  a  plagioclastic  feldspar,  probably  albite,  in  per- 
thitic  intergrowths  with  the  host.  These  fine  albite  stringers  occur  in 
the  basal  pinacoid  normal  to  the  cUuopinacoidal  cleavage  and  on  the 
cliuopinacoid  they  show  an  inclination  of  about  73^  iu  obtuse  (i\  accord- 
ingly these  albite  lamelhb  lie  approximately  parallel  to  a  steep  positive 
orthodome  of  the  value  of  8  Pa.  In  certain  instances  the  albite  occurs 
in  small  rounded  disks,  which  oriented  sections  show  are  not  cross 
sections  of  spindles,  but  of  more  or  less  spherical  bodies. 

Micropegmatitic  intergrowths  between  the  quartz  and  the  feldspars 
are  not  common  iu  these  rocks,  although  they  are  sometimes  present  in 
minute  branching  or  arborescent  areas.  A  more  extensive  study  of 
the  rocks  of  the  surrounding  country  shows  that  micropegmatite  is  not 
common  iu  the  granites  of  this  class  (Pikes  Peak  type),  but  when  pres- 
ent is  probably  the  result  of  alteration  of  the  original  constituents. 

Oligoclase  occurs  in  a  few  instances,  but  never  constitutes  any  con- 
siderable portion  of  the  rock  mass.  It  is  usually  easily  separated  from 
the  other  constituents  by  the  fine  lamelLw  twinned  according  to  the 
albite  law.  The  fineness  of  the  lamella?  and  the  low  extinction  of  one 
or  two  degrees  clearly  indicates  the  oligoclase  nature.  Within  the 
microclines  are  also  minute  plagioclase  disks  which  may  or  may  not  be 
twinned.  These  disks  show  the  effect  of  marked  alteration  and  are 
clouded  by  the  alteration  products.  The  altered  disks  are  separated 
from  the  microcline  host  by  a  rim  of  clear  feldspar  which  is  in  physical 
continuity  with  the  inner  core.  At  times  the  twinning  of  the  inner 
core  is  continued  in  the  rim  either  directly  or  alternately,  as  in  the  Roc 
Tourne  twins  described  by  Gustav  Rose.* 

1  Pogg.  Anu.,  1865. 
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The  cause  of  the  altered  plagioclase  with  snrroanding  clear  rims  is 
not  definitely  known.  The  difference  between  the  two  parts  may  be 
the  result  of  original  differences  of  crystallization,  the  inclusion  being 
more  basic,  more  porous,  or  filled  with  interpositions;  or  the  rim  may 
be  Entirely  secondary,  a  product  of  the  alteration  which  the  granites 
have  undergone. 

Biotite  is  the  third  in  importance  of  the  constituents  of  the  granites, 
and  is  present  either  in  tine  shreds  closely  aggregated  or  in  single, 
somewhat  larger,  individual  fiakes.  This  mica  shows  a  deep-brown 
color,  metallic  luster,  and  a  strong  pleochroism.  The  absorption  is 
very  marked  for  the  ray  vibrating  parallel  to  the  basal  cleavage  where 
the  plate  becomes  practically  opaque;  the  ray  vibrating  at  right  angles 
to  the  cleavage  is  yellow — sometimes  even  straw-yellow.  The  plane 
of  the  optic  axes  apparently  lies  normal  to  the  leading  ray  of  the  per- 
cussion figure,  and  is  therefore  of  the  first  sort — anomite.  This  deter- 
mination seems  to  be  corroborated  by  the  peculiar  brown  color,  the 
small  optic  angle,  and  the  brittleness  of  the  perfectly  fresh  cleavage 
flakes. 

Fluorite  is  present  in  many  sections  of  this  series  where  it  occurs  in 
small  irregular  grains,  and  rarely  in  well-defined  crystals,  which  sug- 
gest either  cubes  or  octahedrons.  The  mineral  is  specially  character- 
ized by  a  highly  i)erfect  octahedral  cleavage,  which  is  well  developed 
in  the  larger  areas,  but  is  lacking  in  the  minute  crystals.  The  little 
anhedrons  are  clear,  and  may  be  colorless,  purple,  faintly  pink,  or 
green,  and  when  the  grains  are  colored  the  pigment  is  unevenly  dis- 
seminated through  them,  and  seems  to  be  more  iiitense  about  inclusions 
than  in  the  clearer  portions  of  the  mineral.  Between  crossed  nicols  the 
areas  show  complete  isotropism  and  no  anomalous  double  refraction. 
The  index  of  refraction  of  the  fluorite  in  these  rocks  appears  excep- 
tionally high,  even  as  high  as  that  for  garnets.  The  cause  of  the 
anomaly  is  not  apparent,  but  that  the  mineral  is  fluorite,  and  is  not  a 
garnet,  is  shown  by  the  fluorine  content  in  the  bulk  analysis,  where  the 
fluorine  sometimes  reaches  1  per  cent. 

Zircon,  apatite,  and  epidote  are  sometimes  present  in  the  sections. 
They  are  usually  in  minute,  more  or  less  prismatic  crystals,  colorless 
or  faintly  yellow,  that  may  be  distinguished  by  the  low  double  refrac- 
tion of  the  apatite,  the  high  index,  double  refraction,  and  lack  of 
cleavage  of  the  zircon,  and  the  irregularity  of  outline  and  cracked  or 
shagreened  upper  surface  of  the  epidote. 

The  order  of  crystallization  of  the  minerals  in  the  rocks  seems  to  have 
been  as  follows:  The  magnetite  when  present  formed  first,  and  was 
immediately  followed  by  the  zircon  and  the  apatite.  Biotite  formed 
somewhat  later,  including  all  of  the  minerals  then  existing  in  the 
magma.  Probably  the  separation  of  the  biotite  was  followed  by  the 
crystallization  of  a  small  amount  of  plagioclase  and  a  much  larger 
amount  of  microcline.  The  microcline  of  the  groundmass  is  clearly 
older  than  the  quartz,  but  in  the  larger  p\i^TiocT>f%\A  oi  TKvvstw^^^X5o«» 
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relative  age  of  the  qaartz  and  feldspar  is  differeDt,  and  it  is  very  prob- 
able that  the  lar^  phenocrysts  of  mierocline  sacceeded  the  separation 
of  the  quartz  and  were  the  last  of  the  original  minerals  to  crystallize 
flrom  the  magma.  The  age  relationships  of  the  epidote  and  flaorite  are 
unknown.  The  foots  indicate  that  the  epidote  is  a  product  of  moderate 
alteration  of  the  feldspar,  while  the  fluorite  is  closely  associated  with 
the  biotite  or  irregularly  disseminated  throughout  the  rock  mass. 
When  the  former  is  associated  with  the  biotite,  the  mica  is  clear  and 
unaltered,  and  appears  younger  than  the  fluorite,  and  does  not  suggest 
that  the  fluorite  is  in  anywise  formed  at  the  expense  of  a  fluorine- 
bearing  mica.  On  the  other  hand,  the  fluorite  is  not  clearly  a  miarolitic 
filling,  but  appears  instead  to  be  one  of  the  older  constituents  of  the 
rock,  perhai>s  of  the  same  age  as  the  apatite  and  zircon. 

The  granites  ftom  the  Platte  Canyon  very  often  show  cTidences  of 
alteration  as  the  result  of  dynamic  metamorphism.  The  extinction  of 
the  quartz  becomes  undulatory  or  mottled,  and  very  freqaoitly  the 
qaartz  has  been  crashed  into  a  mosaic  in  which  individual  fragments 
are  drawn  out  in  a  common  direction,  producing  the  well-known 
**  slriefenquanu"^ 

The  feldspars  have  been  defcMmed  by  a  rounding  of  their  angles  and 
a  drawing  out  or  stretching  of  their  material  into  long  bands  or  flat 
ellipsoids.  This  deiSocmation  of  the  feldspars  changes  the  weU-formed 
phenocrysts  into  large  lenses  or  eyes^  so  that  the  granite  passes  from  a 
nias^ve  rock  into  a  sehisto^  augen-^ei^s.  Few«  if  Miy.  new  minerals 
are  ]^>rmetl  by  the  deformation  of  the  original  constituents  which  difler 
in  spei^iflc  character  from  the  original  mineralsw  The  rocks  when 
crushed  show  secondary  quartz,  mierocline.  and  biotite.  with  rmrely 
any  other  additional  minerals,  unless  iHrcasionally  muscovite.  whieh  is 
Hbrmed  through  the  bleaching  of  the  biotite  and  the  decompo^itioa  of 
the  ^Idsparsw 

The  granite  under  disca^sion  is  one  relatively  rich  in  stiicm.  sodium^ 
ami  tluortne%  and  poor  in  calcium,  iron,  and  magnesium.  The  toUowing 
analysis,  by  W.  F.  UiUebrjind.  is  that  of  a  granite  from  the  upper  slope 
of  Pikes  Peak,  closely  related  to  the  granite  o(  the  Platte  Canyoa  in 
structure,  and  in  mineralogtcal  and  chemical  composition. 
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Analyiia  of  hiotite-graniie  from  Pikee  Feakf  Colorado, 


SIO, 

TiO, 

AljO, 

re,o, 

FoO 

MnO 

CaO 

BaO 

MgO 

K^ 

NagO 

Li,0 

HaO  below  llO^  C 
H^  above  110°  0 

P.O. 

F 

CO, 

Total 

LeuiOforF 


Per  cent. 


77.03 
.13 

12.00 
.76 
.86 

trace 
.80 

trace 

.04 

4.92 

3.21 

8tr.  trace 

.14 

.30 

trace 
.36 


Total '    100.40 


The  practical  absence  of  phosphoric  acid  indicates  that  only  a  small 
proportion  of  the  fluorine  is  needed  for  the  apatite  seen  in  the  rocks, 
even  though  the  apatite  is  a  pure  fluor-apatite.  The  remaining  fluorine 
is  sufficient  to  combine  with  most  of  the  calcium  and  still  be  present  in 
the  biotite.  The  calcium  occurring  as  a  calcium-fluoride  leaves  little 
which  may  enter  into  the  composition  of  the  feldspar,  and  consequently 
the  oligoclase  must  be  very  near  the  albite  limit.  The  strong  pleoch- 
roism  and  the  deep  color  of  the  mica  suggest  that  almost  all  of  the  iron 
is  used  up  in  the  relatively  slight  development  of  biotite.  The  percent- 
age of  alumina  indicates  that  much  of  this  is  in  the  feldspar,  and  that 
only  a  small  amount  is  in  combination  in  the  mica.  After  all  of  the 
elements  are  satisfied  the  silica  is  considerably  in  excess,  as  is  evident 
f^om  the  abundance  of  quartz. 

From  the  texture  and  irom  the  miueralogical  and  chemical  com- 
position it  is  evident  that  the  granite  from  the  Platte  Canyon  is  a  some- 
what porphyritic  example  of  granitite  (Eosenbusch),  biotite-granite 
(Zirkel),  and  true  granite  (Michel  Levy). 

No.  68.  HOENBLENDE-BEARING  BlOTITE- GRANITE. 

(From  Fox  Island,  Maine.    Described  by  J.  P.  Iddings.) 

This  rock  occurs  on  Yinal  Haven  Island,  one  of  the  Fox  Islands,  in 
Penobscot  Bay,  Maine,  where,  according  to  George  O.  Smith,*  it  occu- 
pies a  roughly  circular  area  nearly  5  miles  in  diameter. 

>See  Geological  Hap  of  the  Fox  Islands,  PL  II  of  the  Geology  ot  t\l«'£oxl%^aLn^A>^«ia^^^Vs  ^^nost^ 
Otia  Smith,  1886^ 

Ban.  15a — u 
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It  is  mediuTD  grained  and  light  colored,  and  consists  of  pinkish-gray 
feldspars  and  aboat  an  equal  amount  of  brownish  quartz,  besides  a 
smaller  quantity  of  black  ferromagnesian  minerals,  mostly  biotite,  but 
partly  hornblende.  These  dark-colored  constituents  are  in  much 
smaller  crystals  than  the  feldspars,  which  are  partly  idiomorphic. 

In  thin  section  the  rock  is  hypidiomorphic-granular  in  texture,  each 
of  the  constituent  minerals  possessing  some  degree  of  idiomorphism. 

The  large  feldspars  are  for  the  most  part  microcline,  with  very 
delicate  double  polysynthetic  twinning — that  is,  lamellar  twinning — 
according  to  the  albite  and  the  pericline  laws.  There  is  also  pronounced 
microperthitic  intergrowth  of  lime-soda  feldspar,  whose  index  of  refrac- 
tion relative  to  that  of  microcline,  and  whose  low  angles  of  extinction 
indicate  that  it  is  oligoelase.  Some  of  the  large  feldspars  are  ortho- 
clase,  and  exhibit  no  polysynthetic  twinning,  while  oligoelase  also 
occurs  in  small  partially  idomorphic  crystals. 

In  some  microclines  the  twinned  lamellae  are  curved  and  crowded  in 
certain  spots,  and  since  the  quartz  crystals  exhibit  a  strain  phenomenon 
of  an  analogous  kind,  it  is  probable  that  the  microcline  twinning  is,  in 
part  at  least,  due  to  mechanical  strains  undergone  by  the  rock. 

In  x)laces  the  feldspar  is  clouded  with  minute  dots  which  have  a  lower 
index  of  refraction  than  the  feldspar  and  are  white  by  incident  light. 
Their  exact  nature  can  not  be  determined,  but  they  are  probably 
in  part  cavities,  in  part  kaolin.  In  some  cases  very  small  flakes  of 
colorless  mica  or  muscovite  are  present.  The  same  form  of  alteration 
occurs  in  the  orthoclase.  In  the  perthitic  microcline  the  intergrown 
lime-soda-feldspar  is  more  altered  than  the  microcline.  A  zonal  struc- 
ture is  present  in  some  of  the  microclines,  but  is  more  noticeable  in  the 
oligoelase. 

Quartz  exhibits  the  characters  commonly  found  in  the  quartz  in 
granite.  It  is  allotriomorphic,  and  was  probably  the  last  mineral 
crystallized,  though  its  crystallization  undoubtedly  began  while  the 
feldspars  were  being  formed,  and  its  growth  was  contemporaneous 
with  that  of  the  latter  part  of  the  feldspar.  Some  crystals  exhibit 
irregular  double  refraction  when  examined  between  crossed  nicols, 
showing  that  different  parts  of  one  crystal  have  different  optical  orien- 
tation. In  some  cases  the  portions  are  very  minute,  and  appear  like 
indistinct  lamination  in  two  directions,  as  in  microcline. 

Fluid  inclusions  are  abundant  and  very  small.  They  sometimes 
occur  in  planes  which  occasionally  traverse  several  quartz  crystals  in 
one  direction,  proving  that  they  are  of  secondary  origin — that  is,  they 
were  formed  subsequent  to  the  crystallization  of  the  quartz  and  conse- 
quently of  the  rock  as  a  whole. 

Biotite  occurs  in  irregularly  shaped  plates.    Its  color  is  brown,  with 

strong  absorption  for  rays  vibrating  at  right  angles  to  a — that  is,  for 

rays  vibrating  nearly  in  the  plane  of  cleavage.     It  is  light  brown  for 

rays  vibrating  parallel  to  a  or  at  right  angles  to  the  plane  of  cleavage. 


DiLLEB.]  DB8CEIPTION8:    NO.  69,  HORNBLENDE-GRANITE.    '  179 

It  incloses  numerous  crystals  of  colorless  apatite  and  fewer  of  zircon 
and  of  magnetite.  Hornblende  is  in  smaller  amount  than  biotite,  and 
occurs  in  irregular  anbedrons.  Its  color  is  brownish  green,  with  the 
usual  pleochroism  from  greenish  brown  for  rays  vibrating  parallel  to 
a,  the  direction  of  vibration  of  the  fastest  traveling  ray,  to  dark  green 
parallel  to  6,  and  jc,  jC  >  b  >  a.  Biotite  and  hombleude  are  sometimes 
grown  together.    They  are  both  quite  fresh  and  unaltered. 

Sphene  occurs  in  yellowish  anhedrons,  associated  with  the  horn- 
blende. Zircon  is  comparatively  abundant  in  small,  short  prisms,  but 
apatite  is  much  more  abundant  in  small,  stout  crystals,  which  are  color- 
less. These  are  readily  distinguished  from  one  another  by  their  optical 
properties.  Spheue,  having  very  high  index  of  refraction  and  com- 
paratively low  double  refraction,  stands  out  prominently  in  the  section, 
has  a  roughened  or  shadowed  surface,  and  is  not  brilliant  between 
crossed  nicols.  Zircon,  having  both  high  refraction  and  high  double 
refraction,  but  being  in  very  small  crystals,  exhibits  strongly  marked 
outlines,  has  a  strong  relief,  and  is  brilliant  between  crossed  nicols; 
while  apatite,  with  strong  index  of  refraction  and  very  low  double 
refraction,  exhibits  strong  relief,  and  very  low  color  between  crossed 
nicols. 

Iron  oxide  is  sparingly  present,  presumably  as  magnetite.  There 
are  also  small  microscopic  crystals,  which  are  brown  to  opaque,  whose 
character  is  indeterminable. 

No.   69.  BlOTITE-BEABINa  HOBNBLENDE-GBANITE. 
(From  Cape  Anx,  Massachusetts.    Described  by  J.  1*.  Iddings.) 

This  rock  occurs  along  the  coast  of  Massachusetts  north  of  Boston, 
where,  in  the  vicinity  of  Gloucester,  it  forms  the  greater  portion  of  Cape 
Ann,  and  is  extensively  quarried  for  building  purposes.  Its  texture  is 
medium  grained  and  its  color  light  greenish  gray.  It  is  composed  of 
greenish-gray  feldspar,  with  somewhat  pearly  cleavage  surfaces,  about 
an  equal  amount  of  brownish  quartz,  and  a  much  smaller  amount  of 
black  mineral,  which  is  mostly  hornblende.  In  thin  section  the  texture 
is  hypidiomorphic  granular,  the  quartzes  and  feldspars  having  very 
irregular  outlines  and  an  arrangement  suggestive  of  that  in  gneisses. 
The  anhedrons  of  quartz  have  jagged  outlines  and  interlock  with  one 
another^  a  number  of  quartzes  being  clustered  together  in  places. 
They  exhibit  irregular  double  refraction,  and  are  often  separated  into 
patches  having  slightly  diiferent  optical  orientation  (feldererscheinun- 
gen),  which  is  the  result  of  mechanical  strain.  There  are  numerous 
minute  fluid  inclusions,  and,  rarely,  inclosed  crystals  of  zircon. 

The  feldspars  are  microcline  and  lime-soda  feldspar,  which  is  mostly 
oligoclase.  These  are  intimately  intergrown,  as  iu  perthite.  The  micro- 
dine  appears  to  form  disconnected  pieces,  while  oligoclase  constitutes 
a  continuous  intersecting  web  between  the  pieces  of  microcline.  T\s& 
microoline  looks  as  though  a  large  cry^taA  \i^dL  \)«^\i  ^x^^^ii^^^  ^i^sc^^ 
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had  been  pulled  apart,  the  interstices  being  filled  with  oligoclase;  but 
all  parts  of  the  microcline  have  one  orientation.  The  microcline  is 
clouded  with  minute  particles,  indicating  partial  alteration,  while  the 
substan(;e  of  the  oligoclase  is  perfectly  fresh  and  pure.  These  large 
complex  feldspars  are  usually  twinned  after  the  Carlsbad  law. 

In  some  cases  there  appears  to  be  an  intergrowth  of  two  large  feld- 
spars in  much  the  same  manner  as  in  the  graphic  intergrowth  of  quartz 
and  orthoclase — that  is,  the  crystals  cross  one  another  at  oblique  angles. 

Between  the  large  crystals  of  feldspar  is  a  border  of  smaller  feld- 
spars which  are  mostly  lime-soda-feldspar,  and  probably  oligoclase. 
With  these  small  crystals  are  also  small  crystals  of  hornblende  and 
biotite.  These  minerals  occur  in  the  same  manner  adjacent  to  large 
anbedrons  of  quartz. 

The  horoblende  is  brownish  green  with  the  usual  pleochroism.  The 
shape  of  its  anhedrons  is  very  irregular  against  both  feldspar  and  quartz. 
Its  outline  is  quite  jagged,  with  minute  projections  of  hornblende  and 
of  biotite,  which  have  grown  in  the  margin  of  the  anhedron.  It  carries 
inclusions  of  biotite,  magnetite,  and  zircon ;  besides  larger  ones  of  mono- 
clinic  pyroxene,  probably  malacolit<e.  These  have  irregular  outlines  and 
various  orientations.  Hornblende  also  occurs  in  clusters  of  minute 
anhedrons,  together  with  similar  anhedrons  of  biotite,  inclosed  in  feld- 
spar and  quartz. 

The  biotite  is  brown  with  the  usual  absorption  and  other  optical  prop- 
erties. Its  shape  is  quite  irregular.  Its  anhedrons  are  not  so  large  as 
those  of  the  hornblende.  It  appears  to  have  crystallized  at  the  same 
time  as  the  last  part  of  the  hornblende,  being  inclosed  in  the  margins 
of  crystals  of  the  latter  mineral. 

Monoelinic  pyroxene  is  quite  subordinate  in  amount,  and  occurs  with 
irregular  outlines,  both  as  inclosures  in  feldspar  and  in  hornblende^ 
Its  color  in  thin  section  is  pale  green,  and  its  double  refraction  is  fairly 
high.     It  is  probably  malacolite. 

Zircon  occurs  in  comparatively  numerous,  minute,  short  crystals. 
Apatite  is  not  abundant.  It  is  in  small  stout  prisms,  and  also  in  needle- 
like forms.  It  sometimes  contains  rounded  isotropic  inclusions  resem- 
bling glass.  Iron  oxide,  which  is  apparently  magnetite,  occurs  sparingly, 
and  is  generally  associated  in  clusters  or  in  juxtaposition  with  crystals 
of  the  ferromagnesian  minerals. 

Allanite  is  present  in  occasional  anhedrons,  irregularly  shai)ed.  Its 
color  is  chestnut- brown  with  strong  pleochroism. 

The  microstructure  of  the  rock  is  that  of  a  metamorphic  granite  or 
of  a  metamorphosed  granite  rather  than  that  of  a  purely  igneous  or  of 
an  unaltered  eruptive  granite. 

The  quarries  at  Cape  Ann  are  said  to  be  next  to  the  largest  in  the 
United  States,  and  have  furnished  stone  for  many  of  the  buildings  in 
the  cities  of  the  Atlantic  coast.    For  further  information  on  the  geology 

*hafc  region  see  paper  by  N.  S.  Shaler  on  The  Geology  of  Cape  Ann, 
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Massacbusetts,  in  the  Ninth  Annual  Beport  of  the  United  States  Geo- 
logical Survey,  pp.  535  to  611. 

SYENITE  TBACHYTE  FAMTLY. 

No.  70.  Tbachyte. 

(From  Game  Ridge,  near  Rosita,  Custer  County,  Colorado.    Described  by 

Whitman  Cross.) 

Occurrence. — This  trachyte  forms  a  surface  mass  resting  on  andesitic 
toff  and  breccia.  The  rock  was  the  last  one  in  the  sequence  of  seven 
distinct  eruptions  from  the  Eosita  volcano,  the  others  having  been 
audesites  of  various  types,  dacite,  and  rhyolite.  Game  Eidge  is  a  small 
mass  of  trachyte  preserved  from  erosion  by  faulting,  and  none  of  the 
rock  now  remaining  exhibits  the  outer  structural  features  of  lava 
streams.  Dikes  of  the  same  rock  seen  near  by  show  the  channels 
through  which  the  magma  came  to  the  surface. 

Description. — The  rock  is  light-gray,  x)orphyritic,  its  most  conspic- 
uous constituent  being  sanidine  in  characteristic  glassy  crystals,  much 
fissured  and  occurring  both  in  tabular  and  stout  prismatic  forms,  with 
a  diameter  rarely  exceeding  1  centimeter.  These  crystals  are  not  very 
abundant,  the  greater  part  of  this  feldspar  being  in  the  gray  ground- 
mass.  There  are  many  small  phenocrysts  of  oligoclase,  but  they  are 
not  prominent,  as  a  rule;  while  the  less  numerous  leaves  of  biotite,  the 
only  dark  silicate  of  the  rock,  are  naturally  distinct. 

Microscopical  study  shows  the  predominant  gray  groundmass  to  con- 
sist chiefly  of  orthoclase  feldspar  in  short  prisms,  which,  by  their  more 
or  less  distinct  parallel  arrangement  and  the  curving  of  the  bands 
about  the  phenocrysts,  cause  a  fluidal  structure.  This  case  illustrates 
very  well  that  groundmass  structure  commonly  called  "trachytic,'^ 
which  is  due  to  the  predominance  of  feldspar  and  its  tendency  to  crys- 
talize  in  these  microlitic  prisms. 

The  groundmass  contains  a  small  amount  of  quartz,  usually  found 
in  little,  elongated  clusters  of  clear  grains,  or  as  matrix  for  the  ortho- 
clase staves.  This  latter  association  is  rarely  so  developed  as  to 
become  truly  a  poikilitic  structure.  The  amount  of  quartz  is  not 
enough  to  invalidate  the  reference  of  the  rock  to  the  trachytes.  Oli- 
goclase  appears  in  a  very  few  minute  crystals  in  the  groundmass, 
and  a  scanty  magnetite  dust  is  found  in  the  fresh  rock.  Ordinarily, 
there  is  much  limonite  in  flakes  all  through  the  rock,  often  giving  it  a 
pinkish  tinge. 

Apatite  and  zircon  are  very  sparingly  present,  in  characteristic  form. 

The  sanidine  crystals  are  very  free  from  included  mineral  grains 
except  in  the  outer  zone,  where  they  contain  groundmass  particles,  this 
zone  being  an  added  growth  of  the  groundmass  period.  The  plagio- 
dase  of  the  rock  is  oligoclase,  as  shown  by  the  extinction  very  near  to 
the  albitic  twinning  line  in  all  sections  normal  to  the  t^\\i\ivsi^  \\^\^<^, 
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Biotite  is  developed  only  in  thin  brown  leaves  which  seldom  have  reg- 
ular outline  and  are  often  very  ragged,  with  magnetite  grains  included 
in  the  border  zone  or  lying  adjacent  to  the  leaf,  as  though  resulting 
from  recrystallization  after  partial  resorption  of  the  mica. 

Chemical  compositmi, — The  freshest  available  specimen  of  this  tra- 
chyte has  the  comx)osition  shown  in  the  following  analysis,  by  L.  G. 
Eakins : 

Jnalytia  of  trachyte  from  BoHta,  Colorado, 


SiO, 66.03 

AljOs I      18.49 


Fe-^O, 

FeO 

MnO 

CaO 

MgO 

K,0 

Na,0 

H,0 

P,05 

CO, 

Total... 
Sp.  gr.  at  290  C 


2.18 

.22 

trace 

.06 

.39 

5.86 

5.22 

.85 

.01 

trace 


100.24 
2.59 


This  composition  confirms  the  deductions  from  mineral  constitution 
that  the  rock  is  nearly  a  typical  trachyte.  Silica  is  higher  than  is 
normal,  but  not  sufficient  to  place  the  rock  with  the  rhyolites.  The 
high  percentage  of  alkalies  and  the  low  amount  of  lime  makes  it  clear 
that  alkali  feldspar  must  make  up  the  great  bulk  of  the  rock  and  that 
the  oligoclase  can  not  play  a  prominent  role  in  the  groundmass.  The 
percentages  of  the  iron  oxides  and  of  magnesia  corresx)ond  to  the  small 
amount  of  biotite  and  the  change  of  magnetite  into  limonite. 

Eelatiofiship  of  the  rock. — The  Game  Eidge  trachyte  is  to  be  compared 
especially  with  the  well-known  occurrences  of  the  Siebengebirge,  on 
the  Rhine,  near  Bonn.  Many  of  the  rocks  of  this  classic  locality  are 
very  similar  to  that  of  Game  Ridge  in  structure,  in  relative  importance 
of  the  oligoclase,  and  in  general  chemical  composition.  The  similarity 
with  the  trachyte  of  the  Drachenfels,  as  represented  in  specimens 
accessible  to  the  writer,  is  particularly  striking,  especially  in  regard  to 
amount  and  development  of  quartz  and  biotite  and  the  structure  of 
the  groundmass. 

Literature. — On  some  Eruptive  Rocks  from  Custer  County,  Colorado, 
by  Whitman  Cross,  Proceedings  Colorado  Scientific  Society,  Vol.  Ill, 
pp.  233-237 ;  Geology  of  Silver  Cliff  and  the  Rosita  Hills,  Colorado,  by 
Whitman  Cross,  Seventeenth  Annual  Report,  United  States  Geological 
Survey,  Part  II,  1896,  pp.  263-403. 
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No.  71.  Syenite.* 

(From  Custer  County,  Colorado,  two  and  one-third  miles  a  little  east  of 

NORTH    FROM     SILVER    ClIFF,    AND    ONE-HALF    MILE    SOUTHEAST    OF    THE    BULL 

Domingo  mine.    Described  by  Whitman  Cross.) 

Geological  occur^-ence  and  distribution. — This  syenite  occurs  in  narrow 
dikes  cutting  gneiss  or  granite,  in  a  considerable  area  of  mountainous 
country  lying  south  of  the  lower  portion  of  the  Grand  Canyon  of  the 
Arkansas  Eiver.  The  dikes  have  been  specially  observed  in  the  vicinity 
of  Silver  Cliff,  but  they  occur  all  through  the  area  drained  by  Grape 
Greek,  which  enters  the  Arkansas  tiear  the  mouth  of  the  Royal  Gorge, 
and  they  probably  have  a  still  wider  distribution  in  the  Wet  Mountain 
Range,  to  which  the  district  mentioned  is  adjacent. 

These  dikes,  standing  in  nearly  vertical  x)Osition,  cut  in  all  directions 
across  the  strike  of  the  steeply  upturned  gneisses  and  schists.  They 
are  therefore  younger  than  the  folding  of  those  gneisses,  but  arc  older 
than  the  great  erosion  which  took  place  probably  in  very  early  Tertiary 
times  and  produced  surface  features  not  far  different  from  those  of  the 
present  day.  The  dikes  are  certainly  pre-Tertiary,  but  their  age  can 
not  be  more  closely  fixed  from  known  evidence.  Associated  with  the 
syenite  dikes  through  this  area  are  numerous  narrow  dikes  of  normal 
diabase. 

The  dikes  of  syenite  vary  in  width  from  an  observed  maximum  of 
about  20  feet  down  to  1  foot  or  less.  They  are  continuous  for  distances 
of  more  than  a  mile,  in  several  instances,  and  their  courses  are  often 
nearly  straight.  The  dike  from  which  the  specimens  of  this  series 
came  was  traced  for  more  than  a  mile,  and  varies  in  width  from  2  to  12 
feet.  At  the  point  where  the  specimens  were  obtained  it  was  about  6 
feet  wide  and  had  been  penetrated  by  a  prospect  shaft,  furnishing  the 
material  for  collection. 

Description. — The  field  habit  of  this  syenite  is  very  characteristic. 
The  rock  has  commonly  a  strong  brick-red  color,  sometimes  with  a 
yellowish  shade.  This  causes  outcrops  of  dikes  to  be  distinguishable 
often  at  considerable  distanc^es  as  red  lines,  contrasting  with  the  darker 
shades  of  the  ordinary  gneiss.  - 

The  predominant  mineral  of  the  rock  is  red  feldspar,  developed  in 
thin  tablets,  and  by  the  prevailing  arrangement  of  these  tablets 
approximately  parallel  to  the  dike  walls  a  schistose  structure  is  pro- 
duced. There  is  commonly  a  dense  contact  zone  of  three  or  four  inches 
in  width  which  grades  off*  rapidly  into  the  average  coarser  rock  of  the 
dike.  These  contact  bands  are  usually  of  darker  color,  and  have  a 
dense  porphyritic  structure. 

On  macroscopical  examination  this  rock  is  seen  to  be  chiefly  made 
up  of  red  feldspar  tablets,  with  a  subordinate  amount  of  dark  material 
in  fine  particles,  among  which  hornblende,  mica,  and  epidote  can  here 
and  there  be  recognized.  The  feldspar  tablets  are  like  rounded  disks, 
seldom  more  than  2°""*  across.    The  schistose  %t£\xfi.\A3kX^  ^\^\\l^^^\^ 
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their  rudely  parallel  arrangement  is  clearly  illustrated  by  most  of  tbo 
specimens  collected,  for  the  rock  fractures  easily  in  the  direction  of  this 
lamination  and  with  difficulty  across  it.  Occasionally  larger  crystals 
of  orthoclase  are  developed,  and,  more  rarely,  long  thin  prisms  of 
hornblende. 

A  microscopical  study  shows  the  primary  constituents  of  this  syenite 
to  be  orthoclase,  plagioclase,  amphibole,  biotite,  and  apatite,  while  epi- 
dote,  chlorite,  calcite,  and  a  ferritic  pigment  are  secondary  products. 

The  coloring  pigment  of  the  rock  occurs  in  extremely  small  particles, 
which  are  doubtless  limonite,  and  which  impregnate  nearly  all  of  the 
feldspar  crystals  as  a  dense  cloud.  A  large  number  of  the  feldspar 
tablets  are  plagioclase,  as  the  common  polysynthetic  twin  structore 
clearly  demonstrates,  but  the  pigment  often  so  obscures  the  optical 
action  that  the  angles  of  extinction  can  not  be  closely  measured.  In 
the  zone  normal  to  the  twinning  plane  the  extinction  angle  is  always 
small,  however,  and  it  is  probable  that  oligoclase  is  the  only  member  of 
the  soda-line  series  here  developed.  Orthoclase  certainly  predominates 
over  plagioclase. 

The  feldspar  tablets  are  never  perfectly  idiomorphic.  The  crystalli- 
zation of  the  oligoclase  individuals  was  finished  before  that  of  ortho- 
clase, and  the  predominant  pinacoidal  plane  was  then  sharply  defined, 
while  the  prismatic  and  terminal  planes  seem  to  have  been  irregular. 
The  orthoclase  tablets  are  throughout  of  irregular  outline,  owing  to 
their  mutual  interference  in  the  last  stages  of  growth. 

The  schistose  structure  referred  to  was  doubtless  produced  by  a 
movement  of  the  magma  during  crystallization.  By  this  means  the 
feldspar  tablets,  which  were  already  large,  were  forced  into  a  i>osition 
approximately  parallel  to  the  dike  walls.  Many  angular  spaces  were 
naturally  left,  into  which  the  free  amphibole  prisms  and  biotite  leaves 
were  crowded.  The  biotite,  however,  seems  to  have  continued  its 
growth  after  this  movement,  for  it  often  fills  the  irregular  spaces  com- 
pletely, and  has  the  usual  hexagonal  form  only  when  included  by  some 
feldspar  individual.  Some  of  the  angular  spaces  between  clouded  feld- 
spars are  filled  by  a  colorless  mineral,  and  in  polarized  light  this  matter 
almost  invariably  resolves  into  segments  having  the  optical  orienta- 
tions of  the  adjoining  feldspar  individuals.  The  material  seems  in  all 
cases  to  be  orthoclase,  and  the  ferritic  pigment  never  penetrates  into 
substance  of  this  origin.  Epidote  and  calcite  also  occur  as  fillings  of 
these  angular  spaces,  without  their  proper  crystal  form.  Epidote  occa- 
sionally appears  as  a  direct  decomposition  product  of  biotite,  but  does 
not  replace  feldspar  substance  except  in  the  more  decomposed  rocks. 

From  the  facts  above  given  it  seems  probable  that  upon  final  solidifi- 
cation of  the  syenitic  magma  there  remained  some  angular  spaces 
between  crystals,  which  were  unoccupied  by  any  mineral  substance,  and 
that  epidote  and  calcite  were  deposited  from  solutions  in  these  cavities 
at  a  later  period.    Whether  the  clear  feldspar  substance  also  belongs 
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to  this  later  period,  or  to  the  final  stage  of  crystallization  of  the  magma, 
is  not  fully  evident.  Porous  structure  originating  in  this  way  is  known 
as  the  miarolitic  structure. 

The  amphibole  of  this  syenite  is  unlike  any  of  the  common  varieties 
of  the  group.  The  prisms  are  seldom  of  perfect  form  in  the  coarser- 
grained  parts  of  dikes,  and  are  usually  made  up  in  part  of  a  brown  and 
in  part  of  a  dark-blue  amphibole,  the  brown  forming  the  inner  portion 
and  being  surrounded  in  very  irregular  manner  by  the  blue  variety. 
The  relations  of  the  two  are  such  as  to  indicate  that  the  blue  is  merely 
the  later  part  of  the  crystal,  and  grounds  for  considering  it  as  a  para- 
morphic  product  from  the  brown  have  not  b^en  observed.  In  other 
dikes  of  this  syenite  the  brown  and  the  blue  varieties  have  been  found 
in  separate  crystals.  The  blue  amphibole  has  the  following  pleochro- 
ism:  a  =  strong  yellowish-brown,  b  =  dark  blue;  jc  =  dark  greenish- 
blue;  cAjC  =  about  IQo,  absorption  strong,  c>tr>a.  The  brown 
amphibole  has  dark  chestnut-brown  color  parallel  to  h  and  jc,  and  a 
lighter  shade  parallel  to  a.  Extinction  12°  or  more,  not  closely  deter- 
minable. The  brown  variety  also  has  a  strong  absorption  parallel  to  b 
and  JC.  Both  varieties  seem  to  have  the  optical  orientation  of  normal 
hornblende,  and  the  blue  is,  therefore,  unlike  glaucophane  on  the  one 
hand,  and  arfvedsonite  or  riebeckite  on  the  other,  while  the  brown  is 
apparently  related  to  barkevicite. 

The  biotite  is  almost  uniaxial,  and  has  b  +  c  =  dark  green,  and  a  = 
yellow-brown.    Absorption  is  very  strong. 

Allanite  was  observed  in  a  few  small  characteristic  prisms  in  the 
contact  zone  of  one  of  the  narrower  syenite  dikes. 

Chemical  composition. — The  freshest  specimen  of  the  average  rock 
that  conld  be  obtained  was  analyzed  by  L.  G.  Eakius,  with  the  follow- 
ing result: 

Analysis  of  syenitt  from  near  Silver  Cliff,  Colorado, 


SiO, 

AlA 

Fe.O, 

FeO 

MnO 

CaO 

MgO 

K,0 

Na,0 

H,0 

CO, 

Total 

Sp.gr.  at  30^0.,  2.689. 


I*er  cent. 


59.78 

16.86 

3.08 

3.72 

.14 
2.96 

.69 
5.01 
5.39 
1.58 

.75 


99.96 


The  rock  analyzed  contains  calcite  and  epidote  as  secondary  min- 
erals, developed  chiefly  as  fillings  of  the  miarolitic  cavities.    The  Md.- 
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spar  is  not  visibly  decomposed,  and  it  seems  more  likely  that  the  lime 
of  the  epidote  and  calcite  was  brought  in  by  solutions  than  that  it  was 
derived  from  the  adjacent  feldspars.  The  character  of  the  feldspar 
contents  of  the  rock  analyzed  must  in  any  case  be  calculated  after 
deducting  lime  for  calcite,  epidote,  and  amphibole.  Nearly  one-third 
of  the  lime  is  required  for  the  carbonic  acid  to  form  calcite,  and  at 
least  another  third  may  be  deducted  for  the  other  two  minerals.  This 
leaves  one-third  as  belonging  to  an  oligoclase. 

If  one-third  of  the  lime  belongs  to  oligoclase  of  the  composition 
AbsAU],  and  the  remainder  of  the  soda  is  referred  with  the  potash  to 
a  pure  alkali  feldspar,  the  amount  of  the  oligoclase  in  the  rock  will  be 
nearly  30  per  cent  and  of  the  alkali  feldspar  nearly  50  per  cent.  The 
X)ercentage  of  oligoclase  will  rise  rapidly  with  an  increased  amount  of 
lime  introduced  into  the  calculation,  but  it  is  quite  probable  that  the 
oligoclase  molecule  is  richer  in  lime  than  has  been  assumed,  and  this 
would  reduce  the  percentage  of  possible  oligoclase  in  the  rock. 

Literature. — ^This  syenite  was  first  described  in  an  article  entitled, 
On  some  Eruptive  Eocks  from  Custer  County,  Colorado,  by  Whitman 
Gross,  published  in  Proceedings  Colorado  Scientific  Society,  Vol.  Ill, 
1887,  pp.  237-240.  It  is  further  discussed,  with  details  of  geological 
relations,  in  a  report  on  the  Geology  of  Silver  Cliff  and  the  Eosita 
Hills,  Colorado,  by  Whitman  Cross,  in  Seventeenth  Annual  Eei>ort 
United  States  Geological  Survey,  Part  II,  1896,  pp.  263-403. 

NEPHELITE-L.EUCITE  ROCKS. 

No.  72.  Orendite. 

(From  Leucitk  Hills,  Swketwater  County,  Wyoming.    Described  by  Wnrr- 

MAN  Cross.) 

Introductory. — When  the  project  of  gathering  the  rocks  of  this  col- 
lection was  first  considered,  the  only  leucite-bearing  rock  known  in  the 
United  States  was  that  occurring  in  the  Leucite  Hills,  discovered  by 
S.  F.  Emmons,  and  described  by  Prof.  F.  Zirkel.^  It  was  decided  to 
collect  that  rock  for  the  Educational  Series.  When  the  material  was 
brought  in  and  subjected  to  microscopical  study,  it  was  found  that  the 
greater  part  was  not  like  that  described  by  Zirkel,  but  (contained  both 
sanidine  and  leucite.  The  rock  collected  has,  however,  been  described 
under  the  name  of  orendite,^  being  made  the  type  of  the  kind  of  vol- 
canic rock  rich  in  leucite  and  sanidine  with  diopside  and  magnesian 
mica  as  other  essentials.  The  rock  is  still  representative  of  the  types 
especially  charaeterized  by  leucite. 

Megdscopical  description. — The  orendite  of  this  collection  has  a  dull 
reddish-brown  color  and  is  quite  vesicular,  the  pores  being  small  and 


'  Reports  of  the  Fortieth  Parallel  Survey,  Vol.  VII,  Microscopical  Petrography,  1876,  p.  259. 
'Igneous  rocks  of  the  Leucite  Uills  and  Pilot  Butte,  Wyoming,  by  Whitman  Cross:    Am.  Jour. 
jSei,,  4th  series,  VoL  IV,  1897,  pp.  123.126. 
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irregnlar  in  shape,  with  divergent  smooth-walled  arms.  The  vesicles 
are  usually  much  less  than  I*'"'  in  size,  but  vary  considerably  in  dif- 
ferent specimens.  On  examination  with  a  hand  lens  the  walls  of  these 
cavities  may,  in  most  specimens,  be  seen  to  be  coated  with  a  network 
of  very  pale  yellowish  needles  of  a  peculiar  amphibole,  which  will  be 
described  below.  Hyaline  opal,  in  clear  globular  droplike  forms,  is 
not  uncommon  in  the  pores.  A  dull  white  indistinctly  crystalline  sub- 
stance of  undetermined  character  is  also  often  present. 

The  only  distinct  megascopic  constituent  of  the  rock  mass  is  a 
reddish-brown  mica,  found  by  chemical  analysis  to  be  phlogopite, 
occurring  in  hexagonal  leaves  only  3  or  4™™  broad  at  most,  and  sink- 
ing to  microscopic  dimensions.  The  general  color  tone  of  the  rock  is 
due  to  this  mica. 

In  some  specimens  are  occasional  dull  grains  of  orthoclase,  which 
are  corroded  and  belong  to  foreign  rocks  found  in  larger  inclusions  in 
many  places  throughout  the  mass. 

Microscopical  description. — Microscopical  study  shows  the  rock  under 
discussion  to  consist  of  lencite  and  sanidine  in  slightly  predominant 
amount  as  compared  with  the  ferromagnesian  silicates,  phlogopite, 
amphibole,  and  diopside.  Apatite  is  unusually  abundant  and  a  few 
muchresorbed  flakes  of  brown  biotite  may  commonly  be  found  in  each 
section.  Needles  of  a  yellow  mineral,  rutile  ( ?),  are  present  in  minute 
quantities,  but  magnetite,  ilmenite,  or  pyrite  liave  not  been  found. 

In  quantitative  development  leucite  and  sanidine  vary  considerably; 
now  the  one,  now  the  other,  seeming  to  predominate.  Of  the  darker 
silicates  phlogopite  is  the  most  important,  while  diopside  varies  with 
leucite,  and  amphibole  with  sanidine. 

Leucite  occurs  in  this  rock  in  a  multitude  of  minute  rounded  grains, 
between  0.01"»"  and  0.05"'"*  in  diameter.  Some  of  them  have  the  com- 
mon icositetrahedral  form,  with  a  zone  of  minute  inclusions,  but  more 
of  the  grains  are  auhedral.  All  are  perfectly  isotroi)ic.  In  every  way 
these  lencite  crystals  and  grains  are  identical  in  habit  with  those  of  the 
sanidine-free  rock. 

The  sanidine  of  orendite  occurs  in  stout,  square  prisms,  of  rough 
outline  and  seldom  exceeding  1™"*  in  length.  The  prismatic  axis  is  a, 
as  shown  by  the  optical  orientation.  It  is  always  the  axis  a  of  elas- 
ticity which  lies  near  the  prismatic  axis,  and  the  maximum  observed 
angle  of  extinction  is  10°.  Bude  dome  and  prism  faces  terminate  the 
crystals  as  a  rule.    Twinning  after  the  Carlsbad  law  is  not  uncommon. 

The  reddish-brown  mica  appears  in  thin  sections  to  have  a  very 
weak  pleochroism,  varying  only  from  a  pale  salmon-pink  to  pale  yellow. 
Sections  normal  to  the  cleavage  often  reveal  a  poly  synthetic  basal  twin- 
ning, which  is  made  evident  through  the  perceptible  angle  between  the 
axis,  a^  of  elasticity  and  the  crystallographic  axis,  c.  This  reaches  3^  or 
4^.  Thin  basal  sections,  not  twinned,  when  examined  in  convergent, 
polarized  light  show  a  negative  bisectrix  and  an  unusually  large  optic 
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angle.  The  leaves  are  usually  of  hexagoual  form,  and  they  are  fresh 
and  free  from  iuclusions  except  rare  ones  of  glass  and  still  rarer  yellow- 
ish needles,  most  probably  of  rutile. 

The  mica  of  this  rock  was  isolated  and  analyzed  by  W.  F.  Hillebrand 
with  the  result  given  below,  which  shows  it  to  have  the  composition  of 
phlogopite,  a  species  of  mica  not  before  identified  as  an  original  con- 
stituent of  igneous  rocks.  The  observed  physical  properties  agree  with 
this  determination. 

Analysis  of  phlogopite  of  orendite  from  Wyoming, 


SiO,. 

TiO,. 

AltO, 

Cr,0, 

FeaO, 

FeO. 

CaO  . 

BaO. 

MgO 

K,0. 

Na,0 

H,()  . 

P«P.. 

F.... 


Per  cent. 

42.56 

2.09 

12.18 

.73 

2.73 

.90 

.20 

1. 00 

22.40 

10.70 

.44 

2.35 

.06 

2.46 


Total 100.80 

LeiisO  forF 1.03 


Total 


99.77 


Diopside  occurs  in  small  prisms,  pale  green  or  colorless,  which  sink 
to  microlitic  needles  not  easily  determinable.  In  some  of  the  other 
rocks  of  the  region  this  mineral  is  developed  in  somewhat  larger  prisms, 
and  W.  F.  Hillebrand  has  isolated  and  analyzed  it,  showing  it  to  be  an 
entirely  normal  diopside. 

Analysis  of  diopside  of  orendite  from  Wyoming. 


Percent. 


SiO, 50.86 

™n '         3.03 

i*«o,  /  I 

A1,0, :      none 

Fe,0, I        1.19 

FoO 1.82 

MnO 03 

CaO 23.32 

MgO 17.42 

K,0 42 

Na,0 76 

H,0 81 

Total 99.16 

Sp.  gr.  at  20O  C.  3.29. 
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The  amphibole  of  this  rock  is  a  very  unasual  one  in  its  optical  char- 
acters, and  its  deteimination  as  a  member  of  this  groap  depends  largely 
on  the  strongly  marked  cleavage  parallel  to  a  prism  whose  angles 
measure  about  124^  and  56^,  together  with  the  general  habit  of  the 
mineral.  It  occurs  in  rudely  prismatic  individuals,  between  the  sani- 
dino  and  leucite  grains,  producing  structures  soon  to  be  described. 
Occasionally  it  has  nearly  regular  crystal  form  with  prism  and  pinacoid 
as  in  amphibole,  and  a  termination  apparently  made  up  of  pyramid  and 
dome  faces.  Befraction  and  double  refraction  are  of  about  the  strength 
of  actinolitic  amphibole.  Extinction  is  parallel  to  c,  as  far  as  has  been 
ascertained,  a  =  a  is  pale  yellow,  to  =^  is  red,  jc  =  c  is  bright  yellow. 
The  reddish  tone  is  similar  to  that  of  hypersthene,  and  all  colors  increase 
rapidly  in  intensity  with  increasing  thickness  of  the  sections.  Absorp- 
tion, 6f>jc>a. 

The  association  of  minerals  in  orendite  leads  to  several  interesting 
microstructures.  Phlogopite  appears  to  have  formed  first,  and  it  is 
almost  free  from  inclusions.  Leucite  and  sanidiue  are  as  a  rule  devel- 
oped in  separate  patches  or  areas,  the  former  in  swarms  of  minute 
round  grains,  the  latter  in  aggregates  of  a  few  irregular  prisms  seldom 
exceeding  l*"™  in  length.  Diopside  is  developed  mainly  in  minute 
needles  and  microlites,  a  large  share  of  which  are  included  quite  irregu- 
larly in  the  sanidiues,  producing  a  certain  niicropcFcilitic  structure. 
The  remainder  of  the  diopside  occurs  between  other  larger  mineral 
grains. 

The  amphibole  seems  one  of  the  latest  crystallizations  of  the  rock, 
and  varies  in  development.  In  the  angular  spaces  between  the  sani- 
diues the  yellowish  amphibole  occurs  exactly  as  does  augite  in  ophitic 
diabase,  acting  as  an  oriented  cement  for  several  sanidine  crystals.  In 
the  ieucitic  areas  the  same  amphibole  appears  in  stout  prisms  inclos- 
ing numerous  leucites,  just  as  iegiriue  holds  the  nephelines  in  many 
phonolites.  In  this  manner  another  form  of  the  micropopcilitic  struc- 
ture is  produced.  It  also  occurs  in  very  minute  needles  in  many  of  the 
vesicles. 

In  occasional  spots  and  adjacent  to  the  pores  of  the  rock  the  min- 
erals are  less  intimately  intergrown.  Leucite  is  sometimes  found 
inclosed  in  sanidine,  but  frequently  the  separation  as  described  is  very 
sharp.  There  are  thus  in  this  orendite  two  kinds  of  micropcpcilitic 
structures,  a  curious  separation  of  the  analogous  silicates,  leucite  and 
sanidine,  ophitic  structure,  and  through  the  prominence  of  phlogopite 
leaves  a  porphyritic  structure. 

Chemical  composition. — Two  analyses  of  orendite  have  been  made  by 
W.  P.  Hillebrand,  which  are  given  below.  Analysis  I  is  of  the  rock 
from  Fifteen  Mile  Spring,  on  the  eastern  edge  of  the  Leucite  Hills,  the 
locality  from  which  all  the  specimens  of  the  educational  collection  were 
obtained.  Analysis  II  is  of  a  very  similar  rock  from  !North  Table 
Butte,  in  the  northern  part  of  the  Leucite  Hills. 
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Analyses  of  arenditefrom  Leudie  HilU,  Wyoming, 


The  rocks  are  remarkable  for  the  large  number  of  rare  elements  con- 
tained in  them  in  determinable  quantities.  ZrOz  was  not  tested  for  in 
the  first  analysis.  It  does  not  belong  in  the  mineral  zircon,  as  that  can 
not  be  identified  in  thin  sections,  and  it  seems  most  probable  that  the 
peculiar  amphibole  is  allied  to  certain  silicates  which  may  be  classed 
with  the  pyroxenes,  in  having  Ti02  and  ZrOi  replace  apart  of  the  SiOi. 
Cr203  and  most  of  the  F  belong  in  phlogopite,  together  with  a  large 
part  of  the  BaO.  SO3  represents  some  mineral  easily  soluble  in  weak 
acids,  probably  noselite,  which  may  be  indistinguishable  from  leucite 
in  thin  sections.  Both  the  mica  and  the  pyroxene  contaiu  Ti02,  but 
the  rare  yellow  needles  occasionally  seen  may  be  rutile. 

As  regards  the  commoner  rock  constituents,  the  predominance  of  i)ot- 
ash  in  orendite  causes  characteristic  minerals  contrasting  with  those 
of  the  corresponding  soda-rich  rock,  phonolite.  Leucite  is  developed 
in  ])lace  of  nepheline.  A  potash -bearing  mica  appears  instead  of  regirine 
and  arfvedsoiiite,  which  are  common  in  phonolite.  The  pyroxene  of 
orendite  is  almost  a  pure  lime-magnesia  mineral,  and  soda  is  prevented 
from  entering  into  plagioclase. 

Occur reiice  and  rcdation^hips. — The  rock  now  under  discussion  occurs 

^uUava  flows  of  Tertiary  age.    In  the  same  flows  a  part  of  the  magma  has 

"  illized  free  from  sanldiue,  but  with  leucite,  diopside,  and  phlogo- 
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pile  of  the  same  development  observed  in  orendite.  This  rock,  the  one 
originally  described  by  Zirkel,  has  the  same  bulk  chemical  composition 
as  orendite.  Since  leucite  contains  less  silica  than  sanidine,  there  is  of 
necessity  an  excess  of  this  acid  radical  in  the  pnre  leucite  rock,  appar- 
ently in  the  form  of  an  obscure  glassy  base.  This  rock  has  been  called 
"wyomingite'^  in  the  cited  paper  on  the  rocks  of  the  Leucite  Hills. 

At  Pilot  Butte,  west  of  the  Leucite  Hills,  occurs  a  rock  rich  in  diop- 
side,  phlogopite,  and  perofskite,  with  a  glassy  base  which  the  analysis 
of  the  rock  shows  must  have  nearly  the  composition  of  leucite.  The 
name  "madupite"  has  been  proposed  for  this  type. 

Orendite  belongs  in  the  group  called  leucite-trachyte  by  Zirkel,  and 
leucite-phonolite  by  Kosenbusch.  A  special  name  has  been  proposed  in 
the  belief  that  both  the  compound  terms  above  mentioned  are  objec- 
tionable, and  that  it  is  appropriate  and  desirable  to  have  a  distinctive 
name  for  the  leucite-sanidine  rocks  corre8i>onding  to  phonolite. 

No.  73.  Phonolite. 

(From  Black  Uills.'South  Dakota.     Described  by  Whitman  Cross.) 

Megascapical  description. — This  rock  has  a  dense  aphauitic  texture 
except  for  a  few  small  sanidine  tablets.  Its  general  color  is  a  dull 
brownish  green,  mottled  by  numerous  dark  bluish-green  spots  of 
indistinct  sheaf-like  form.  These  dark  spots  are  due  to  the  bundles 
of  ffigirine  needles.  A  peculiar  greasy  or  semivitreous  luster  is  pro- 
duced by  the  reflections  from  the  multitude  of  minute  faces  of  nephe- 
line  or  sanidine  grains  forming  the  mass  of  the  rock. 

Microscopical  description, — The  principal  constituents  of  this  phonolite 
are  nepheline,  sanidine,  and  segiriue,  with  a  characteristic  accompani- 
ment of  noselite  and  sodalite.  Nepheline  is  very  distinctly  developed 
in  short  prisms  causing  the  hexagonal  or  nearly  square  outlines  seen 
in  thin  sections.  The  average  diameter  of  these  nepheline  crystals  is 
about  O.l'"™  and  their  length  less  than  0.2»"™.  In  this  development  the 
nephelmes  lie  in  a  fine-grained  mass  consisting  chiefly  of  sanidine 
scales  and  tablets,  which  overlap  so  much  that  very  thin  sections  and 
high  powers  of  the  microscope  are  necessary  clearly  to  resolve  the 
mass  into  its  elements. 

To  a  subordinate  degree  in  the  sections  examined  the  sanidine  is 
developed  in  more  elongated  staves  and  needles,  and  these  are  com- 
monly arranged  in  nearly  parallel  position,  x)roducing  an  apparent 
fluidal  structure.  It  is  noticeable  that  in  these  portions  of  the  rock 
nepheline  is  developed  in  much  smaller  crystals  than  elsewhere. 

^girine  is  the  mineral  causing  the  dark  spots  of  the  rock.  It  occurs 
in  bundles  or  sheaves  of  minute  needles  which  in  the  central  zone  seem 
more  or  less  of  a  common  orientation  or  are  united  practically  into  one 
crystal  which  feathers  out  at  each  end.  Owing  to  the  great  numbers 
of  included  nepheline  or  sanidine  grains,  even  in  the  mo&t  m»»^^\N^>^'^KS» 
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of  these  bundles,  the  thin  sections  rarely  show  the  actual  existing  con- 
tinuity of  the  SBgirine  substance.  Where  the  latter  is  most  massive 
the  abundant  inclusions  of  other  minerals  produce  a  typical  micro- 
poecilitic  structure.  The  optical  characters  of  this  segirine  are  entirely 
normal.  Its  pleochroism  is  strong,  as  follows:  a  =  pure  green;  tx  = 
olive  green;  jc  =  yellowish  green,  a  lies  very  near  the  prismatic  axis. 
No  considerable  angle  of  extinction  was  observed,  so  that  segirine- 
augite  is  not  developed  in  this  rock. 

Scattered  through  the  rock  in  amount  greatly  subordinate  to  nephe- 
line,  but  still  an  important  constituent,  is  a  mineral  of  the  regular  sys- 
tem characterized  by  a  cloud  of  dark,  dusty  interpositions.  While  this 
substance  is  apt  to  be  decomposed,  it  has  the  characters  often  found 
in  noselite  as  occurring  in  phonolites.  Its  rudely  irregular  crystals  are 
somewhat  larger  than  the  nephelines  and  may  reach  1"°™  in  diameter. 
From  the  chemical  analysis,  which  shows  both  sulphuric  acid  and 
chlorine  in  the  rock,  it  is  to  be  inferred  that  sodalite  is  a  companion  of 
noselite  here  as  in  many  other  phonolites,  but  no  means  of  distinguish- 
ing the  two  have  been  found  in  this  case. 

In  almost  every  section  of  this  phonolite  may  be  found  small  areas 
of  clear,  colorless,  isotropic  substance  in  angular  spaces  between  well- 
defined  crystals  of  other  minerals.  It  is  thought  probable  that  this 
isotropic  substance  is  analcite,  through  analogy  with  the  occurrence  of 
that  mineral  in  the  very  similar  phonolites  of  the  Cripple  Creek  region 
in  Colorado. 

Other  minerals  occur  in  this  rock  only  in  minute  traces.  There  are 
occasioual  specks  of  magnetite  and  possibly  of  pyrite.  The  titanic  and 
zirconic  acids  shown  by  analysis  are  most  probably  contained  in  a  min- 
eral occurring  sporadically  in  a  manner  much  like  the  aegirine;  that  is, 
in  irregular  piirticles  in  residual  spaces  or  inclosing  minute  grains  of 
nepheline  or  feldspar.  This  mineral  is  almost  colorless,  of  high  single 
and  double  refraction,  with  no  or  very  slight  pleochroism  and  appar- 
ent parallel  extinction.  It  resembles  a  mineral  observed,  but  not 
positively  identified,  in  the  Cripple  Creek  phonolites,  though  there  the 
association  with  Itlvenite  led  to  the  supposition  that  it  was  to  be  referred 
to  that  species  or  to  some  allied  complex  silicotitanate  with  zirconic 
acid  also  pt-esent. 

Chemical  composition. — In  the  subjoined  table  of  analyses.  Column  I 
represents  the  composition  of  this  phonolite  as  analyzed  by  W.  F.  Hille- 
brand;  II,  an  analysis  by  Pirsson  of  phonolite  from  the  Devils  Tower, 
near  the  Black  Hills;*  III,  analysis  by  Hillebrand  of  a  phonolite  from 
Miter  Peak  near  Cripple  Creek,  Colorado;'^  lY,  analysis  by  vom  Kath 
of  a  typical  German  phonolite  from  Zittau,  Saxony.^ 


'  PhoDolitic  rocks  from  tho  Black  Hills :  Am.  Jonr.  Sci.  :u\  sericH.Tol.  XLVII,  1894,  p.  341. 

'General  geolopy  of  tho  Cripple  Creek  district,  Colorado:  Sixteenth  Ann.  Kept.  U.  S.  Oeol.  Surrey, 
PartTT,  p.  39. 
.JQnoted  by  Zirk«I,  Lehrbuch  der  PetrograpUie,  2d  ed.,  p.  446. 
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AndljfMB  of  pkonoUiefrom  variou$  looalitiea. 


I. 


ir. 


lu. 


Sio, 

ZpO, 

TiO, 

A1,0, 

Fe,0. 

FeO 

MnO 

CaO 

SrO 

BifcO 

MgO 

KfO 

Na^ 

LijO 

HtO— IIOOC 
H,0  +  110°  C 

P.O. 

80i 

CI 

r 

CO, 

s 

Total.. 


IV. 


Percent. 

Percent. 

Per  cent. 

Per  cent. 

67.86 

5&98 

61.08 

50.17 

.15 

.20 

.22 

.24 

.18 

• 

20.26 

20.54 

18.71 

19.74 

2.35 

L65 

1.91 

3.39 

.39 

.48 
.26 
.67 

.63 

trace 

1.58 

.21 

.89 

.92 

.04 

none 

none 

.11 

.09 

.05 
.08 

.04 

.15 

5.19 

5.31 

4.63 

6.45 

9.47 

9.95 

8.68 

8.88 

trace 

trace 
.19 

.21 

a  2. 21 

a  1.18 

2.40 

•9? 
.04 

.20 

.28 

.03 

.06 

trace 
.12 

.08 

(?) 
none 

none 

.03 

99.97 


100.07 


90.86  99.88 


a,  total  water. 

The  analysis  shows  the  phonolite  of  this  collection  to  be  quite  typ- 
icaly  and  very  closely  related  to  the  rock  so  abundant  in  the  Cripple 
Creek  district  of  Colorado.  It  was  ascertained  that  the  Cripple  Creek 
phonolites  contained  from  35  to  40  per  cent  of  nepheline,  and  it  is 
evident  that  there  must  be  about  the  same  amount  in  this  rock.  Sani- 
dine  probably  constitutes  at  least  40  per  cent  of  the  rock,  leaving 
about  20  per  cent  for  segirine,  noselite)  sodalite,  and  the  accessory 
minerals. 

The  presence  of  zirconic  acid  in  determinable  amount  without  dis- 
cernible zircon  crystals,  and  the  similar  amount  of  titanic  acid,  seem 
to  indicate  the  presence  of  some  one  or  more  of  the  rare  minerals  .con- 
taining these  acid  radicals,  such  as  l^venite,  which  have  been  noted  of 
recent  years  in  eleolite-syenite  or  phonolite. 

Literature. — ^The  first  phonolite  to  be  discovered  in  the  United  States 
was  found  at  Black  Butte  in  the  Black  Hills,  and  was  described  by 
J.  H.  Oaswell.^  In  1894,  L.  V.  Pirsson  described  the  rock  of  Devils 
Tower,  near  the  Black  Hills,  as  a  phonolite  and  gave  an  analysis 
of  the  same  which  has  been  reproduced  in  the  above  table.  It  is 
known  that  there  are  many  other  occurrences  of  phonolite  in  and  near 


*  Report  on  the  Goology  and  Besoarooa  of  the  Black  Hills  of  Dakota,  by  Henry  Kewton  and  Walter 
P.  Jensey,  1880,  p.  492. 
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the  Black  Hills,  but  no  systematic  examination  of  their  occurrence 
and  relationships  has  been  made. 

No.   74.  PULASKITE   (BLEOLITB-HOBNBLBNDBSYBNITB). 
(From  Littlk  Rock,  Arkansas.    Described  by  J.  P.  Iddings.) 

This  rock  is  the  so-called  <^^blue  granite"  of  Arkansas,  which  has  been 
studied  and  fully  described  by  J.  F.  Williams,*  from  whose  report  the 
Ibllowing  has  been  extracted. 

The  rock  is  an  intrusive  body  occurring  in  a  wide,  dike-like  mass, 
whose  eruption  took  place  about  the  close  of  the  Cretaceous  period,  and 
which  forms  the  main  ridges  of  the  Fourche  Mountain  region.  It  is  a 
bluish-gray,  crystalline  rock,  in  some  parts  dark  in  others  light  colored. 
It  has  a  peculiar  semi-porphyrltic  appearance  when  viewed  megascopic- 
ally.  The  feldspar  phenocrysts  are  conspicuous  on  account  of  their 
size  and  their  highly  perfect  cleavage-planes  and  the  light  reflected 
from  them.  They  appear  to  be  crudely  tabular  parallel  to  the  clinopin- 
acoid  (010),  and  give  a  trachytoidal  texture  to  the  rock.  The  crystals 
are  not  sharply  defined,  since  they  interlock  with  the  smaller  crystals 
of  the  groundmass.  The  grouudmass  is  subordinate  to  the  feldspar 
phenocrysts,  is  phanerocrystalline,  but  dubiodiagnostic,  consisting  of 
whitish,  gray,  and  dark-colored  grains.  Occasionally  small  plates  of 
mica  and  crystals  of  dark  amphibole  or  pyroxene  are  recognizable.  The 
greater  portion,  however,  is  feldspathic. 

The  texture  of  the  rock  varies  throughout  the  body  from  granitic 
porphyritic  to  hypidiomorphic  granular.  The  following  minerals  are 
usually  found  in  every  specimen  of  the  rock,  but  are  present  in  variable 
quantities.  Especially  among  the  dark-colored  minerals  is  this  notice- 
able, since  in  many  cases  one  of  them  predominates  to  the  almost  com- 
plete exclusion  of  the  others.  The  minerals  are  orthoclase  (cryptoper- 
thite),  hornblende  (arfvedsouite),  augite  (diopside),  biotite,  eleoHte, 
sodalite  (rare),  titanite,  apatite. 

Orthoclase  is  by  far  the  most  important  mineral  in  the  rock.  It 
appears  usually  in  two  forms  as  the  result  of  two  distinct  periods  of 
crystallization.  The  crystals  belonging  to  the  first  are  the  pheno- 
crysts, from  10  to  30"""  in  length.  They  often  show  an  idiomorphic 
form,  although  this  is  frequently  impaired  by  the  juxtaposition  and 
mutual  penetration  of  the  smaller  crystals  of  the  second  period  of 
crystallization.  Where  crystal  faces  have  been  recognized  they  are 
OP  (001),  ooPoo  (010),  and  ooP  (110).  Some  crystals  are  twinned 
according  to  the  Manebach  law,  others  according  to  the  Oarlsbad. 
In  one  instance  both  kinds  of  twinning  were  observed  in  one  crystal. 
The  feldspar  phenocrysts  are  impellucid  as  a  result  of  more  or  less 
advanced  kaolinization. 

»J.F.  Williams,  The  igneous  rocks  of  Arkansas:  Ann.  Rept.  Geoi.  Survey  Arkansas,  VoL  II,  1890, 
-71 ;  Little  Kock,  1891. 
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The  angle  between  the  two  cleavage  planes  is  nearly  90^.  Some 
crystals  exhibit  delicate  microcline  twinning  which,  taken  in  connection 
with  the  chemical  composition,  indicate  soda-microcline.  In  some  crys- 
tals there  is  a  microscopic  intergrowth  with  another  feldspar  showing 
albite  twinning  and  extinction  angles  of  oligoclase.  The  feldspar  cor- 
responds to  Brogger's  kryptoperthite.  Some  of  the  feldspars  exhibit 
no  polysynthetic  twinning.  Some  contain  minnte  cavities  elongated  so 
as  to  appear  like  needles.  These  are  generally  in  parallel  groups, 
either  perpendicular  to  the  cleavage  planes  or  parallel  to  them.  A  few 
larger  cavities  appear  to  contain  flnid  with  a  gas  bubble.  There  are 
also  inclusions  of  the  ferromagnesian  minerals  with  apatite  and  mag- 
netite, besides  more  numerous  grains  of  eleolite,  irregularly  shaped, 
and  sometimes  with  hexagonal  outline.  Less  frequently  there  are 
colorless  isotropic  inclusions  with  lower  refraction  than  feldspar,  which 
are  probably  sodalite. 

The  chemical  analysis  of  the  feldspar  is  as  follows: 


AnalyM  of  feldspar  of  puUukite  from  Little  Kock^  Arkansas . 


SiO,  . 

Fe,0, 
CaO  . 


Percent. 


MgO 

K,0 

Na,0 

Ignition  . . . 

Total 


66.05 
17.87 
0.90 
0.52 
0.24 
7.82 
5.20 
0.30 


99.80 


There  is  an  excess  of  silica  not  accounted  for.  No  quartz  has  been 
observed  in  the  rock,  and  no  individual  crystals  of  lime-soda  feldspar. 
The  small  feldspars  constituting  the  groundmass  have  the  same  char- 
acters as  the  large  ones.  The  greater  part  of  the  rock  is  orthoclastic 
feldspar.  The  ferromagnesian  minerals  are  generally  very  small,  and 
are  monoclinic  pyroxene,  amphibole,  and  biotite.  The  monoclinic 
pyroxene  is  pale  green  in  thin  section,  without  pleochroism.  Its  form 
is  irregular,  and  it  is  generally  surrounded  more  or  less  completely  by 
greenish-brown  hornblende.  In  some  parts  of  the  rock  the  margin  has 
a  decided  green  color,  probably  segirite,  the  principal  portion  of  the 
pyroxene  being  diopside  or  malacolite.  The  green  margin  shows  an 
increase  in  the  amount  of  sodium  taken  up  from  the  magma  toward  the 
end  of  the  crystallization  of  the  pyroxene.  The  cleavage  i  s  that  common 
in  pyroxene;  and  the  ordinary  twinning  parallel  to  the  orthopinacoid 
(100)  is  present  in  some  crystals.  Among  the  inclusions  noted  are 
apatite,  magnetite,  titanite,  biotite,  and  irregularly  distributed  gas- 
pores. 
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The  amphibole  when  seen  in  thin  section  is  rich  chestnat  brown  in 
some  cases  and  greenish  brown  or  dark  green  in  others.  When  idio- 
morphic  it  is  bounded  by  the  faces  oo.P  (110),  oo  Po6  (100),  oo  P  od  (010), 
alid  OP  (001)  and  some  orthodome  (mOl)  has  also  been  observed. 
Ampbibole  cleavage  is  well  developed. 

The  pleocbroism  in  some  cases  is  as  follows  : 

b  =  reddish  brown;  a  =  light  yellowish  brown;  jc  *=:  dark  reddish 
brown ;  the  absorption  being  jc  >  b  >  a.  In  other  cases  the  pleochroisnj 
is:  b  =  deep  bluish  green;  a  =  brownish  yellow;  jc  =  yellowish  green; 
the  absorption  being  b  >  c  >  a.  A  dark  green  edge,  or  border,  sur- 
rounds many  of  the  brown  crystals.  Some  of  the  brown  crystals  are 
completely  free  from  such  a  border,  but  it  almost  always  appears  about 
the  greenish  ones. 

It  is  probable  that  these  amphiboles  belong  to  the  arfvedsonite  group, 
but  no  chemical  tests  have  been  attempted  in  proof  of  this  supposition. 
Inclusions  are  similar  to  those  contained  in  the  pyroxene. 

The  biotite  is  reddish-brown  in  thin  section,  with  fairly  strong  pleo- 
cbroism from  yellow  to  reddish  brown.  It  forms  plates  parallel  to  the 
basal  plane,  which  are  idiomorphic  in  some  cases  and  irregularly  out- 
lined in  others.  It  carries  inclusions  of  magnetite,  sphene,  apatite,  and 
zircon.  It  often  surrounds  comparatively  large  crystals  of  magnetite, 
sphene,  and  apatite.  Sometimes  it  is  on  the  outside  of  the  pyrozoue 
and  amphibole,  and  sometimes  it  is  inclosed  by  hornblende  and  pyrox- 
ene. Its  crystallization  appears  to  have  begun  before  that  of  horn- 
blende. But  in  general  the  pyroxeue  appears  to  be  older  than  the 
hornblende,  aud  the  biotite  continued  its  growth  to  the  end  of  the 
series  of  ferromaguesian  minerals.^ 

Eleolite  or  nephelite  occurs  in  variable  quantities.  In  some  parts  of 
the  rock  it  is  quite  insignificant,  while  in  other  parts  it  is  an  important 
constituent.  It  occurs  in  allotriomorphic  anhedrons,  often  occupying 
spaces  between  large  feldspars  or  formiug  irregularly  shaped  inclusions 
within  them.  It  is  colorless,  with  a  higher  refraction  than  the  feldspar, 
and  is  sometimes  more  or  less  altered  to  analcite.  Eleolite  is  nearly 
free  from  inclusions,  but  contains  a  few  needles  of  apatite  and  occa- 
sionally slender  crystals  of  aegirite. 

Sodalite  is  found  in  some  parts  of  the  rock.  It  is  generally  filled 
with  dust-like  inclusions,  but  more  often  ia  altered  to  indeterminable 
decomposition  products.  The  sodalite  crystals  are  about  half  a  milli- 
meter in  diameter. 

Sphene  is  the  most  important  of  the  subordinate  minerals.  It  forms 
light  to  dark  yellow  idiomorphic  crystals,  some  of  which  are  1.6"*™  in 
length.  In  thin  section  the  crystals  exhibit  sharp  outlines  and  a  rou^h- 
looking  surface,  aud  the  mineral  appears  to  have  been  the  earliest  to 
crystallize. 

1  Thi*  18  M"t  the  order  Htated  by  Proressor  WilliamH,  but  api>ean}  to  bo  that  shuwn  by  the  •ectloiis  of 
collected  for  the  Edacational  Series.    J.  P.  I. 
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Apatite  is  qnite  abandant  in  crystals,  sometiiues  2^"^  long.  The 
larger  crystals  are  comparatively  short  and  stoat,  the  smaller  ones 
being  slender  prisms,  occasionally  very  thin  and  hair-like.  In  most 
cases  colorless,  some  of  the  crystals  are  dusted  and  contain  rod  like 
inclusions.  Magnetite  occurs  sparingly  in  small  anhedrons.  Fluorite 
has  been  observed  in  some  varieties  of  the  rock;  also  minute  crystals 
of  (Bgirite,  which  appear  to  be  of  secondary  origin. 

According  to  Williams  there  is  no  zircon  present.  But  certain 
minute  crystals  with  high  refraction  and  double  refraction  occur  in  the 
thin  sections  from  specimens  in  the  educational  series,  which  appear  to 
be  zircon.    They  may  be  easily  confused  with  sphene. 

Williams  points  out  the  resemblance  between  pulaskite  and  the  laurvi- 
kite  of  Norway,  described  by  Brogger.  The  two  rocks  resemble  one 
another  mineralogically  and  chemically,  but  differ  somewhat  in  texture. 
Lanrvikite  is  coarser  grained. 

No.  75.  Thebalite. 

(From  Gordons  Buttr,  Crazy  Mountains,  Mraghkr  County,  Montana. 

Described  by  J.  E.  Wolff.) 

The  Crazy  Mountains,  from  the  borders  of  which  specimens  75  and 
76  were  collected,  constitute  an  outlying  range  situated  a  few  miles  east 
of  the  main  mass  of  the  Rocky  Mountains  in  Montana  and  near  the 
boundary  between  the  great  eastern  plains  and  the  mountains.  The 
Yellowstone  Eiver  flows  around  the  southern  end  of  the  range  and  the 
Musselshell,  a  branch  of  the  Missouri,  bounds  it  on  the  north. 

The  mountains  are  composed  of  strata  of  Cretaceo-Tertiary  age, 
lying  for  the  most  part  nearly  flat  or  at  low  angles,  through  which 
many  kinds  of  eruptive  rocks  have  been  intruded  as  stocks,  laccoliths, 
sheets,  or  dikes.  Among  these  eruptive  rocks  certain  peculiar  dark  . 
basaltic  rocks  are  found  which  occur  generally  near  the  periphery  of 
the  range,  the  center  of  which  is  formed  of  masses  of  dioritic  rocks. 

These  basaltic  rocks  are  coarsely  crystalline  when  they  occur  in  thick 
sheets  or  laccoliths,  but  fine  grained  and  porphjrritic  when  occurring 
in  thin  sheets  or  dikes,  where  the  conditions  of  quicker  cooling  have 
be^n  effective.  They  are  characterized  chemically  by  a  low  per  cent 
of  silica  and  high  per  cents  of  the  alkalies  and  of  lime,  magnesia,  and 
iron,  together  with  exceptional  amounts  of  barium  and  strontium,  as 
will  be  seen  in  the  accompanying  analyses.  Mineralogically  they 
are  peculiar  in  the  combination  of  augite,  nephelite,  a  mineral  of  the 
sodalite  group,  and  a  feldspar  which  is  chemically  a  potassium  feldspar 
with  barium  and  some  sodium,  calcium,  and  strontium.  In  the  original 
descriptions  of  the  rocks  this  feldspar  was  determined  as  in  part  ordi- 
nary sanidine,  in  part  a  soda-lime  feldspar,  and  the  rocks  were  therefore 
made  the  types  of  a  plutonic  rock  characterized  by  the  mineral  combi- 
nation nephelite,  soda-lime  feldspar,  and  named  theralitA^  b^  "S^^l^^^^^ 
Bosenbasch.    The  feldspar  appears  to  be,  tttrVeiUy  «^fe«JK«i%-i  x^<>50oMt 
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ordinary  sanidine  nor  soda-lime  feldspar,  and  hence  for  dassificatory 
purposes  the  weight  should  be  put  on  the  chemical  composition  and 
the  presence  of  nephelite  and  feldspar. 

Specimen  75  is  from  Gordons  Butte,  an  outstanding  hill  on  the  north- 
western side  of  the  range,  which  is  oval  in  outline,  with  a  diameter  of 
2^  miles.  The  base  of  the  butte  is  formed  by  sandstones,  shales, 
and  limestones,  which  lie  nearly  flat  but  dip  gently  in  toward  the 
center.  Above  these  and  toward  the  base,  frequently  interlaminated 
with  the  sedimentary  rocks,  is  a  great  intrusive  sheet  of  theralite  which 
is  nearly  600  feet  in  total  thickness.  The  original  cover  of  shale  has 
been  worn  off  and  only  little  patches  of  loose,  baked  shale  can  be 
found.  The  great  laccolith  of  eruptive  rock  has  very  perfect  vertical 
prismatic  structure  or  jointing,  the  columns  of  which  lean  gently 
inward,  corresponding  to  the  position  of  the  contacts  which  conform 
to  the  dip  of  the  containing  strata.  A  great  line  of  cliffs,  nearly 
circular  in  outline,  forms  the  outside  edge  of  the  summit,  which  in  the 
interior  is  a  basin  with  gently  sloping  sides.  The  specimens  were  gath- 
ered from  the  northwest  base  of  the  cliffs  and  represent  the  coarsest 
variety  of  theralite  found  in  the  range.  They  come  from  the  center  of 
the  mass,  where  the  crystallization  was  coarsest. 

Description  of  the  specimen  (hand  specimen), — The  prisms  of  augite 
are  the  most  striking  characteristic.  They  have  a  roughly  parallel 
arrangement,  caused  by  the  motion  of  the  rock  as  it  flowed  parallel 
to  the  bounding  country  rock.  The  light-green  border  of  aegirite  can 
be  occasionally  noticed.  Large  brown  plates  of  biotite  and  occasional 
clear  yellow  grains  of  titanite  are  visible.  The  nephelite  and  feldspar 
make  up  the  colorless  part.  The  former  is  recognized  by  its  yellowish- 
gray  color  and  somewhat  greasy  luster,  while  the  feldspar  is  white, 
with  distinct  glassy  luster  on  the  cleavage  surfaces.  In  other  places  in 
this  same  laccolith  the  feldspar  contains  little  crystals  of  haiiynite  and 
nephelite  distributed  through  it,  and  this  causes  a  luster  mottling  or 
poecilitic  structure  on  the  cleavage  surfaces.  In  the  variety  represented 
here  this  character  is  obscure. 

In  the  thin  section  the  augite  is  seen  in  stout  prisms  with  both  pina- 
coids  developed  and  rarely  terminal  planes.  It  is  pale  green  in  color, 
passing  into  a  deeper  green  toward  the  periphery,  owing  to  mixture 
of  the  iiegirite  molecule,  which  often  results  in  a  border  of  deep-green 
segirite  in  parallel  orientation  to  the  augite.  The  aigirite  also  occurs 
independently  in  radiating  prisms.  The  augite  incloses  crystals  of 
apatite  and  magnetite,  and  is  often  touched  by  plates  of  biotite,  which 
may  be  oriented  with  the  basal  cleavage  parallel  to  the  augite  prism. 

The  biotite  plates  contain  apatite,  magnetite,  and  rarely  augite.  Their 
rounded  outline  and  occasional  embayment  by  the  later-formed  min- 
erals shows  that  they  have  been  subjected  to  resorptive  action.  Small 
serpentinized  grains  of  olivine  inclosed  in  the  biotite  are  uncommon  in 
^I's  occurrence,  aithongh  found  at  other  localities  (see  description  of 
>ecimen  No.  76). 
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The  feldspar  occnrs  iu  large,  irregalar  areas,  which  can  be  recognized 
as  such  by  their  dear,  transparent  look  and  polarization  tint,  blaish 
white  of  the  lower  order.  The  two  cleavages  show  distinctly  only  in 
very  thin  sections  or  near  the  edge,  where  the  strain  of  grinding  has 
developed  it.  It  incloses  little  prisms  of  nephelite  and  rarely  in  this 
occurrence  square  or  hexagonal  sections  of  haUynite  crystals,  although 
this  mineral  is  abundant  in  other  parts  of  the  same  rock  mass. 

The  nephelite  appears  also  in  large  prismatic  masses  which  have  an 
imperfect  crystal  outline;  the  two  cleavages,  prismatic  and  basal,  are 
well  developed,  giving  generally  two  rectangular  cleavages  of  which 
the  prismatic  is  best  developed.  It  polarizes  with  almost  the  same 
tint  as  the  feldspar,  extinguishes  parallel  to  the  cleavages  when  both 
show,  and  basal  sections  are  isotropic  and  give  an  indistinct  cross  in 
converging  light.  The  nephelite  is  in  places  fresh,  but  generally  more 
or  less  filled  with  decomposition  products;  some  of  these  with  bright 
polarizing  tints  and  slightly  yellow  color  (which  is  distinct  in  the  hand 
specimen)  are  probably  cancriuite,  the  rest  zeolites,  which  give  an 
aggregate  fibrous  appearance. 

The  feldspar  in  this  rock  has  generally  the  optical  properties  of  sani- 
dine,  with  the  plane  of  the  optic  axes  5^  from  the  base,  small  angle  of 
the  optic  axes,  and  the  axis  of  greatest  elasticity  an  acute  bisectrix. 
Its  chemical  composition  has,  however,  already  been  mentioned;  the 
speciflc  gravity  seems  to  vary  from  2.63  to  2.57. 

The  order  of  crystallization  is  evidently  first  the  apatite,  magnetite, 
and  olivine  (since  they  are  inclosed  in  the  biotite  and  augite) ;  then 
the  augite  and  biotite;  then  the  nephelite,  and  lastly  the  feldspar. 
The^formation  of  the  tegirite  at  the  close  of  the  augite  period  and  its 
occurrence  as  the  periphery  of  augite  crystals,  suggests  a  caustic  action 
of  the  magma  which  impregnated  the  forming  or  already  formed  augite 
with  the  segirite  material.  The  chemical  analysis  of  the  theralite  from 
Oordon's  Butte  is  given  with  that  of  the  specimen  from  Alabaugh 
Creek,  on  page  197. 

No.  76.  PORPHYBITIC  THEBALITE. 

(From  Moxith  of  Alabaugh  Crkbk,   Crazy  Mountains,  Mbagher  County, 

Montana.    Describbd  by  J.  E.  Wolpp.) 

Specimen  76  is  from  a  sheet  or  bedded  dike  from  Alabaugh  Creek  at 
the  north  end  of  the  mountains.  The  structure  and  mineralogical  com- 
position are  different  from  75,  although  they  represent  the  same  rock. 

Description  of  the  specimen  (hand  specimen). — A  grayish-black  rock 
containing  long  slender  prisms  of  augite  with  octagonal  outline,  hex- 
agonal plates  of  biotite  and  grains  of  olivine,  which  have  a  yellow  core 
and  rusty  red  exterior.  The  groundmass  is  seen  to  glitter  with  little 
Hakes  of  biotite,  and  small  augite  prisms  can  be  detected  iu  it.  The 
augite  crystals  have  a  rough  parallel  arrangement  due  to  the  flowing 
of  the  rock. 
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In  the  thin  section  the  aagite  phenocrysts  have  the  same  pale-green 
color  and  (legirite  border  as  in  75,  but  the  latter  is  mnch  less  marked* 
In  addition  to  apatite  and  magnetite,  they  are  honeycombed  with  inclu- 
sions of  the  residual  magma,  which  is  generally  individualized  to  nephe- 
lite  or  feldspar.  Sometimes  the  groundmass  has  pushed  into  the  augite 
in  little  bays  which  may  contain  biotite.  The  biotite  is  in  distinct 
hexagonal  plates  inclosing  apatite,  magnetite,  and  olivine;  it  has  been 
corroded  by  the  caustic  action  of  the  magma,  which  has  produced  the 
rounded  forms  sometimes  seen.  This  biotite  has  a  very  marked  obliq- 
uity of  extinction  to  the  cleavage.  The  olivine  is  in  rounded  grains 
touched  or  even  surrounded  by  the  biotite;  between  the  two  minerals 
there  is  a  deep  brown  zone  (iddingsite)  which  seems  to  grade  into  the 
biotite.  The  olivine  incloses  apatite,  which  occurs  also  independently 
in  quite  large  crystals. 

The  gronndmass  contains  angite,  biotite,  magnetite,  apatite,  olivine, 
a  mineral  of  the  sodalite  group  in  deep  blue  crystals  with  square  or 
hexagonal  outline  (due  to  the  fact  that  they  are  sections  of  the  rhom- 
bic dodecahedron),  and  isotropic  character.  The  colorless  part  of  the 
groundmass  is  threefold;  there  are  long  colorless  laths  of  feldspar, 
sometimes  in  Carlsbad  twins,  which  optically  correspond  to  sanidine 
(in  other  occurrences  of  this  rock  they  may  be  anorthoclase) ;  between 
these  is  a  fibrous  substance,  often  in  prismatic  aggregates,  which  is  the 
zeolitized  nepbelite;  and  lastly  clear  glassy  areas,  which  are  nearly  or 
quite  isotropic,  show  traces  of  cubic  cleavage  and  are  analcite. 

It  will  be  seen  on  careful  study  that  there  are  two  forms  of  feld- 
*  spar  in  the  groundmass,  one  occurring  in  slender  crystals,  the  other  in 
larger  irregular  grains  which  seem  to  have  formed  later;  there  is  proba- 
bly a  chemical  difference  in  these  two  forms  corresponding  to  the 
dift'ereut  habit  and  period;  whether  one  be  sanidine  and  the  other 
anorthoclase  is  not  apparent. 

The  distinction  between  the  phenocrysts  (crystals  of  the  first  gen- 
eration) and  the  same  minerals  in  the  groundmass  is  not  very  sharp, 
but  the  relations  between  the  feldspar  and  nephelite  are  different  from 
those  in  the  other  specimen,  for  here  the  nephelite  is  later  than  the 
prismatic  feldspar,  although  perhaps  contemporaneous  with  the  other. 
We  see  that  the  olivine  followed  the  apatite  and  magnetite  and  preceded 
the  biotite. 

The  following  two  analyses  represent  the  chemical  composition  of  the 
coarse  and  porphyritic  theralite.  No.  1,  coarse  theralite  from  Gordon's 
Butte,  was  made  by  W.  F.  Hillebrand  in  the  laboratory  of  the  United 
States  Geological  Survey,  at  Washington,  and  No8.*2  and  3  by  E.  A. 
Schneider,  in  the  same  laboratory.  Analysis  No.  2  is  of  specimen  No. 
75,  and  No.  3  of  specimen  No.  76. 
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AnalifHB  of  ikerdlite  from  Crazy  Mountaim,  Montana. 


SiO, 

TK), 

A1,0» 

Fe,0, 

FeO 

MnO 

CaO 

SrOa 

BaO 

MgO 

K,0 

Na,0 

Li^O 

HjO  (below  lioo  C.) 
HaO  (al»ove  110°  C.) 

PA 

C(h 

CI 

SO, 

Total 


1. 


Per  cent. 

44.65 

.95 

13.87 

6.06 

2.94 

.17 

9.57 

.37 

.76 

5.15 

4.49 

5.67 

trace 

.95 

2.10 

1.50 

.11 

trace 

.61 


i. 


Per  cent. 

44.31 

ib) 

17.20 

4.64 

3.73 

.10 

10.40 

(fc) 
(b) 
6.57 
3.64 
4.45 
ib) 
.77 
3.80 
(b) 
(b) 
ib) 
(b) 


8. 


99.92 


99.11 


Per  cent. 

47.67 

ib) 

18.22 
3.65 
3.85 

.28 
8.03 
(6) 
(b) 
6.35 
3.82 
4.93 
ib) 

.38 
2.97 
ib) 
ib) 
ib) 
ib) 


100.15 


a  ContainB  some  CaO. 


b  Undetermined. 


No.  77.  Nephelite-syenite  (Eleolitb-syenite). 

(From  Litchfield,  Kknnebec  County,  Maine.    Described  by  W.  8.  Bayley.) 

It  is  not  certain  that  the  rock  represented  by  this  specimen  has  been 
found  in  place.  It  is  known  to  occur  in  five  or  six  localities  in  the 
vicinity  of  Litchfield,  Kennebec  County,  Maine,  usually  in  the  form  of 
bowlders  lying  on  the  surface,  but  sometimes  in  low  ledge-like  expos- 
ures nearly  covered  by  glacial  sands.  The  specimens  in  the  collection 
were  obtained  from  a  pile  of  loose  material  lying  on  both  sides  of  the 
road  running  from  South  Litchfield  post-office,  in  the  town  of  Litchfield, 
in  Kennebec  County,  Maine,  to  the  city  of  Gardiner,  on  the  Maine  Cen- 
tral Railroad,  about  6  miles  south  of  Augusta.  The  distance  of  the 
locality  from  South  Litchfield  is  about  three-quarters  of  a  mile,  and 
from  Oardiner  about  8  miles.^ 

The  rock  is  a  moderately  coarse-grained  crystalline  aggregate  of 
three  principal  substances,  none  of  which  are  porphyritically  devel- 
oi)ed.  Its  texture  is  thus  hypidiomorphically  granular,  or  granitic. 
Occasionally  a  general  parallel  arrangement  of  the  constituents  may 
be  detected,  when  the  structure  becomes  schistose. 

The  most  abundant  of  the  components  is  a  white  mineral,  with  bril- 
liant cleavage  faces,  often  characterized  by  a  pearly  luster.  This  occurs 
both  in  large  columnar  grains  from  a  quarter  to  a  half  inch  in  length, 


iFor  deseription  of  other  looalities  Me  article  by  W.  S.  Bayley  in  Bull.  Qeoi.  Soc.  A.m^cVi^a^'^  ^A\!L^ 
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and  in  small  irr^alar  ones,  so  arnmged  in  certain  areas  as  to  cause 
their  aggregation  to  resemble  a  fine-grained  marble.  1%e  larger  gnmis, 
which  are  albite,  have  a  density  varying  between  2j600  and  2.608  and 
a  composition  ^  as  follows : 

An€J99i9  of  alkiU  of  mepkelUe-wyemte  frvm  UtekjytUL,  Mi 


SiO, MLSt 

Al/)i, 1A.M 

K,0 W 

Na,0 1«L17 

H/> 52 

rndetermined 2.24 


Another  of  the  prominent  constituents  that  may  be  seen  in  the  hand 
specimen  is  in  irr^olarly  shaped  masses  of  a  grayish  color,  and  with  an 
oily  luster.  It  possesses  a  well-marked  cleavage,  which  is  emphasized 
by  the  interposition  of  long  black  needles  between  the  cleavage  plates. 
A  fragment  of  this  substance  dissolves  quite  readily  in  hydrochloric 
acid,  leaving  a  residue  of  gelatinous  silica.  Its  composition,  as  deter- 
mined by  Dr.  Clarke,^  is  that  of  nephelite  (eleolite): 

AualifHs  of  nepkeiiis  of  nepheUte-syemU  from  LitekJiMy  JMa«. 


Percent. 


SIO, 43.74 

AljO, ,  34.48 

C»0 I  tnce 

MfO trace    j 

K,0 '       4.55    i 

Xa,0 1CL63 

H/> 86 


ToUd 100.25 


The  only  dark-colored  mineral  present  in  the  rock  is  a  lustrous  black 
lamellar  one,  which  cleaves  with  such  ease  that  large  plates  can  be  split 
from  it.  These  plates  are  elastic,  and  they  show  a  nearly  uniaxial  inter- 
ference figure  in  converged  light  between  crossed  nicols.  The  mineral 
is  a  biotite  of  the  variety  known  as  lepidomelane,  as  shown  by  Dr. 
Clarke.^ 


I  F.  W.  CUrke,  Am.  Joar.  Sci.,  3d  aeries,  VoL  XXXI,  p.  2i& 

'  Ibid.,  p.  282. 

» Ibid.,  VoL  XXXIV.  p.  133. 
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Analyiii  of  lepidamelane  of  nepheliie^enUe  from  LiiehJUld,  Maine, 


Percent. 


SiO, 32.35 

AljO. !  17.47 

Fe,0, [  24.22 

FeO 13.11 

MnO 1.02 

CaO .89 

K,0 70 

N»,0 6,40 

H«0 4.67 

Total 100.83 


The  three  substances,  albite,  eleolite,  and  lepidomelaDe,  occur  in  all 
specimens  of  the  rock  wherever  foand,  and  are  thas  to  be  termed 
essential  constituents.  The  other  components,  though  very  common, 
are  not  found  in  all  specimens,  and  hence  are  accessory.  They  com- 
prise cancrinite,  sodalite,  and  zircon,  and  are  the  minerals  that  have 
made  the  rock  famous  all  over  the  world.  The  most  common  and  at 
the  same  time  the  most  striking  of  the  accessory  constituents  is  can- 
crinite, which  is  in  very  irregular  lemon-yellow  and  orange  grains,  that 
are  scattered  indiscriminately  among  the  other  components,  but  appear 
to  prefer  the  neighborhood  of  the  nephelite.  The  orange-yellow  variety 
yielded  Dr.  Clarke^  the  following  analysis: 

AnalyHs  of  cancrinite  of  nephelite-ayenite  from  Kennebec  County ^  Maine. 


SiO, V 

A1,0, 

MnaOs , 

Fe,0, 

CftO 

Na,0 

K,0 

H,0 

CO, 

Total 


Per  cent. 


36.29 

30.12 

trace 

trace 

4.27 

19.56 

.18 

2.98 

6.96 


100.36 


Upon  comparing  this  analysis  with  that  of  the  nephelite.  Dr.  Clarke 
reaches  the  conclusion  that  the  former  is  an  alteration  product  of  the 
latter.  The  sodalite  is  much  less  common  than  the  cancrinite.  It  is 
disseminated  in  small  bine  grains  throughout  the  rock  mass,  and  occurs 


>  Am.  Jour.  Sci.,  3d  aeriea,  VoL  XXXI,  p.  263. 
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as  coatings  on  its  joint  cracks.    The  composition  of  the  sodalite  has 
also  been  determined  by  Dr.  Clarke.    It  is  as  follows : 

Analyaia  of  sodalite  of  nephelite-syenite  from  lAiohfield,  Maine. 


Percent.  \ 


I 


SiO, 37.33 

AljOg 31.87 

N8,0 24.56 

K,0 I  .10 

CI '  6.83 

H,0 ;  1.07 

0  =  C1 !  1.54 


Total 100.22 


The  zircon,  the  only  remaining  mineral  that  can  be  recognized  in  the 
hand  specimen,  is  the  single  component  of  the  rock  that  possesses  a  crys- 
tal form.  It  is  in  hard,  pinkish-brown  grains,  with  an  octahedral  habit, 
that  may  be  foand  here  and  there  among  the  older  constituents.  Its 
crystals  are  bounded  by  the  tetragonal  prism  and  pyramid  of  the  same 
order.    An  analysis  by  Gibbs *  gave: 

JnalyHe  of  zircon  of  nepkeliie-Byenite  from  Litchfieldy  Maine, 


Per  cent.. 


SiO, 35.26    1 

ZrOj 63.33 

Fe^Os 79 

Undetermined .36 


Total 


09.74 


The  texture  of  the  rock  as  seen  under  the  microscrope  is  thoroughly 
granitic,  in  that  none  of  its  essential  components  possess  crystal  out- 
lines, although  many  of  the  nephelite  grains  and  the  larger  albites  have 
quite  well  defined  rectangular  cross  sections.  In  ordinary  light  it 
appears  to  consist  of  plates  of  green  mica  embedded  in  a  nearly  homo- 
genous, colorless,  transparent  groundniass,  clouded  here  and  there 
with  opaque  white  and  yellowish  substances,  that  seem  to  be  decompo- 
sition products  of  some  constituent.  Under  crossed  nicols,  however, 
this  groundmass  is  resolved  into  large  and  small  grains  of  the  minerals 
detected  in  the  hand  specimen,  besides  orthoclase  and  microcline.  (See 
PI.  XXIX.) 

The  mica,  which  is  the  oldest  mineral  present,  with  the  exception 
of  the  zircon,  occurs  not  only  in  the  large  plates  already  mentioned,  but 
also  as  inclusions  in  the  other  components,  more  particularly  the  eleo- 
lite.  In  basal  sections  it  is  so  dark  as  to  be  almost  opaque,  except  in 
extremely  thin  pie^^es,  when  it  is  of  a  clear,  deep-green  color.    The 

^ical  Agnre  when  tested  with  the  mica-plate  is  found  to  be  negative. 


^k9% 


>  Pogg.  Ann.,  LXXI,  p.  550. 
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oonseqnently  the  acute  bisectrix,  which,  in  the  biotites,  is  nearly  coin- 
cident with  the  crystallographic  axis  c,  is  the  axis  of  greatest  elasticity, 
U.  In  cross  sections  the  pleochroism  is  very  pronounced.  The  ray 
vibrating  at  right  angles  to  the  cleavage  is  a  bright  yellowish  green, 
while  that  vibrating  parallel  to  it  is  nearly  all  absorbed.  The  scheme 
for  the  absorption  is  therefore  a  <  b  =  c.  The  extinction  in  these  sec- 
tions, as  measured  against  the  cleavage,  vaiies  from  0^  to  1*^.  In  its 
optica]  properties,  as  well  as  in  its  chemical  nature,  the  mica  corresponds 
to  biotite. 

The  largest  of  the  colorless  components  is  that  clouded  with  opaque 
substance.  This  is  present  with  rudely  rectangular  cross-sections,  in 
which  a  single  cleavage  may  be  detected,  parallel  to  which  is  the  extinc- 
tion. The  relief  is  slight,  consequently  the  index  of  refraction  of  the 
substance  is  low.  Its  opacity  in  places  is  due  to  the  crowding  together 
of  little  glass  and  fluid  inclusions,  in  some  of  the  latter  of  which  are 
tiny,  movable  bubbles,  and  of  small  flakes  of  a  brilliantly  i)olarizing 
micaceous  mineral  that  are  visible  only  between  crossed  nicols,  and  are 
probably  secondary  in  origin.  The  only  other  inclusions  noticed  are 
narrow  flakes  of  lepidomelane.  These  are  arranged  with  their  long  axes 
in  parallel  directions,  that  are  likewise  parallel  to  the  extinction  plane 
of  their  host.  A  few  of  the  rectangular  sections  when  revolved  between 
crossed  nicols  remain  dark  during  the  entire  revolution.  These  in  con- 
verged light  show  a  uniaxial  interference  figure.  All  other  sections 
polarize  in  gray  or  bluish -gray  tints,  and  these  tested  by  the  mica  phite 
are  discovered  to  be  negative.  If  the  slide  be  uncovered  and  treiited 
with  hydrochloric  acid,  and  then  washed  and  dipped  in  a  dilute  solution 
of  aniline  purple,  the  areas  occupied  by  this  mineral  will  be  found  to 
be  stained  purple,  indicating  the  presence  of  gelatinous  silica.  All 
these  properties  are  those  of  nephelite. 

The  most  abundant  of  the  feldspars  is  the  albite  occurring  in  the 
columnar  forms  already  mentioned.  In  the  thin  section  it  possesses 
long  quadrangular  outlines.  Its  grains  are  characterized  by  a  series 
of  remarkably  fine  twinning  lamelhe  that  bend  and  curve,  disappear 
suddenly  at  cleavage  cracks,  and  reappear  again  in  other  parts  of  the 
grains — phenomena  indicating  that  the  mineral  exhibiting  them  has  at 
some  time  been  subjected  to  great  pressure.  A  close  inspection  of  the 
grains  will  disclose  the  fact  that  some  of  them  are  made  up  of  very  fine 
lamellae  of  different  feldspars,  in  which  the  extinction  is  different. 
Others  consist  partly  of  lamelhc  in  which  the  gridiron  structure  of 
microcline  is  plainly  apparent.  The  resemblance  of  such  sections  to 
the  pictures  of  cryptoperthite  and  microcline  microperthite  ^  is  so  strong 
as  to  suggest  the  probability  of  their  being,  like  the  latter,  inter- 
growths  of  two  feldspars.  A  feature  well  worthy  of  notice  in  connec- 
tion with  the  singly  striated  grains  is  the  fact  that  they  are  penetrated 
in  all  directions  by  jagged  embayments  of  a  pellucid  plagioclase  with 
broader  twinning  lamellui  than  those  of  the  rest  of  the  grain.    Small 

» W.  C.  BrSgcer,  Zeitiwhr.  fiir  Krystollogniphle,  Vol.  XVI,  P\.  XXU,  1^^.  4,  dox^ W  >L^W\^ ^^.  V. 
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areas  of  this  glassy  feldspar  occar  all  through  the  albites,  so  that  the 
latter  appear  to  be  completely  saturated  with  it.  The  clear  feldspar 
polarizes  in  gray  and  blue  tints  and  always  has  ragged  outlines  against 
the  inclosing  albite.  From  the  fact  that  the  saturatiug  material  is  so 
much  fresher  than  the  material  of  the  large  grains,  and  because  of  its 
peculiar  saturating  character,  it  must  be  regarded  as  probably  younger 
than  the  albite  which  it  penetrates  and  as  having  been  formed  after 
the  rock  had  consolidated. 

By  revolution  of  the  slide  between  crossed  nicols  the  transparent, 
colorless  groundmass  in  which  the  mica  and  the  cloudy  albite  and 
nephelite  are  embedded  is  found  to  break  up  into  a  mosaic  of  very 
brilliantly  polarizing  grains  all  of  about  the  same  size.  This  mosaic 
occupies  all  the  space  between  the  large  grains  and  is  so  distributed  as 
to  appear  to  fill  what  were  at  some  time  fissures  in  the  rock.  (Of.  fig. 
Ay  PL  XXVIir.*)  The  greater  number  of  the  grains  in  the  mosaic  are 
feldspar.  Some  are  marked  by  a  single  set  of  twinning  bars,  others  by 
two  sets  crossing  each  other  at  nearly  right  angles,  and  still  others  are 
untwinned.  The  large  number  of  the  latter  noticed  is  an  indication  of 
the  presence  of  orthoclase,  though  this  can  not  be  proved  on  account 
of  the  lack  of  cleavage  lines,  and  of  crystallographic  contours  in  the 
grains.  Those  showing  two  sets  of  twinning  lamellae  are  probably 
microcline.  The  larger  proportion  of  grains  are  of  the  first  kind,  but 
their  lamellse  are  so  bent  and  bowed  that  their  extinction  angles  can  not 
be  read  with  any  degi'ee  of  accuracy.  The  only  method  by  which  a 
knowledge  of  the  nature  of  the  various  feldspars  may  be  obtained  is  by 
their  separation  and  analysis,  and  a  comparison  of  the  figures  thus 
obtained  with  those  indicating  the  composition  of  the  rock  as  a  whole. 
By  use  of  the  Thoulet  solution,  it  will  be  found  that  two  lots  of  feldspar 
fall  when  the  density  of  the  solution  reaches  2.622  and  2.56,  respectively. 
That  which  falls  at  2.622  consists  of  grains  usually  striated  in  a  single 
direction,  and  others  in  which  no  striations  are  visible.  The  latter 
extinguish  at  19°  from  the  cleavage,  and  show  in  converged  light  the 
bar  of  an  axial  figure.  An  analysis  of  some  of  this  powder  made  by 
Mr.  W.  H.  Melville  gave : 

A na lynia  of  albi te  of  neph eli tv-eyen  i te. 

Per  cent. 


Si0« 

A1,0, 

FeO 

CaO 

MgO 

KjO 

Na^O 

H,0 

•  Total 


68.28     1 

19.62    1 

.23 

.31 

.09 

.39 

10.81 

.09 

99.82 

•The  stracmre  produced  by  the  embedding  of  the  larger  components  of  a  rock  in  a  finer  grained 
aggregBte,  has  been  termed  the  ♦'mortar  "  structure  by  Tomebohm.    It  is  thought  to  b©  the  result  of 


prenBure. 


DiLLBB.)  DESCRIPTIONS:   NO.  77,  NEPHEUTE-STENITE.  207 

This  is  the  composition  of  a  very  pare  albite.  In  a  separation  made 
by  the  writer,  the  powder  whose  density  was  2.56  comprised  some 
untwinned  grains,  and  many  with  the  cross  twinning  of  microcline. 
Its  analysis  gave  the  figures : 

AnalysU  ofmierocline  and  arthoclaae  from  nephelite-$ifeHiie. 

Percent. 


I 


810, «5.14 

AlfO, j      18.19 

FeO .25 

CrO 33 

MgO 16 

K^O U.  14 

Na,0 1.68 

H,0 .17 


Total 99. 82 


This  x>owder  was  thns  a  mixture  of  microcline  with  a  little  orthoclase. 

It  is  very  evident  that  the  feldspar  grains  of  the  mosaic  are  yoauger 
than  the  eleolite  and  the  large  grains  of  albite.  Their  smaller  size, 
perfect  traospareocy,  lack  of  cleavage  lines,  and  their  method  of  occur- 
rence, in  narrow  stringers  and  small  areas  between  the  undoubted 
primary  constituents,  point  to  a  secondary  origin  for  them.  The  cause 
of  the  production  of  this  new  feldspar  in  the  rock,  which  had  already 
consolidated  and  been  fissured  before  the  formation  of  the  mosaic,  was 
probably  the  pressure  to  which  it  was  subjected  at  some  time  in  its 
history,  and  of  the  action  of  which  we  have  ample  proof  in  the  bending 
of  the  twinning  lamellae  of  the  feldspars  and  in  the  ^^  mortar '^  structure 
of  the  rock  itself.^ 

In  addition  to  the  feldspars  in  the  mosaic  there  is  also  present  in  it 
another  brilliantly  polarizing  substance  forming  prismatic  and  lentic- 
ular grains.  In  natural  light  it  is  indistinguishable  from  the  newer 
feldspar,  except  in  very  thick  sections,  where  it  has  a  slightly  yellowish 
tinge.  It  is  transparent  and  free  from  inclusions  of  all  kinds,  save 
little  liquid  ones,  inclosing  movable  bubbles.  Two  cleavages  cross 
nearly  all  its  grains  at  right  angles  to  each  other,  and  the  extinction  is 
parallel  to  these.  Sections  that  remain  dark  between  crossed  nicols 
show  a  uniaxial  negative  interference  figure.  The  index  of  refraction 
is  so  low  that  grains  have  no  relief.  These  properties  sufficiently  char- 
acterize the  mineral  as  cancrinite.  It  is  older  than  the  other  constit- 
uents of  the  mosaic,  but  is  younger  than  the  eleolite  and  the  albite  of 
the  larger  grains. 

A  few  other  grains  in  the  mosaic  and  in  the  neighborhood  of  the 
nephelite  remain  completely  dark  in  all  positions  between  crossed 

*  For  a  diaoiuMlon  of  the  origin  of  seoondary  minenUa  in  dynamically  metamorphosed  rocks,  nee 
C.  Callaway.  Quart  Jonr.  Geol.  Soo.  London,  Aug.,  1889,  p.  475,  and  G.  H.  Williams,  Bull.  V.  2S.  (leol. 
Survey  Ko^6Si. 


208  THE   EDUCATIONAL   8EKIE8  OF   ROCK   SPECIMENS.     IbuluIM. 

nicols,  and  wheu  examined  in  converged  light  show  no  axial  figures. 
These  are  sodalite.  In  ordinary  light  the  mineral  has  a  very  pale-blae 
tint  that  can  be  recognized  only  by  the  contrast  aftbrded  by  the  color- 
less minerals  in  the  field  of  view,  which  appear  to  be  tinged  with 
yellow. 

The  inclusions  most  abundant  in  it  are  grains  of  plagioclase,  small 
plates  of  lepidomelane,  cancrinite,  and  a  few  flakes  of  a  brightly  polar- 
izing micaceous  substance.  Nephelite  is  often  intergrown  with  it  in 
such  a  way  that  a  large  number  of  apparently  isolated  areas  of  the 
former  mineral  polarize  together.  Since  the  sodalite  includes  all  the 
minerals  of  the  rock  except  nephelite,  even  those  that  are  younger  than 
this,  and  since  it  is  intergrown  with  the  latter,  it  must  be  an  alteration 
product  of  it.  It  is  the  youngest  of  all  the  constituents.  Not  only  is 
it  present  in  irregular  grains  that  include  small  particles  of  the  other 
components,  but  it  is  found  also  as  a  cement  binding  together  the 
grains  of  the  mosaic. 

The  only  remaining  mineral  to  be  spoken  of  is  zircon,  but  this  is  so 
rarely  seen  in  thin  section  that  its  discussion  may  be  dismissed  with  a 
very  few  words.  It  occurs  as  small  irregular  grains,  of  a  brownish- 
yellow  color,  with  a  very  high  index  of  refraction,  and  strong  doable 
refraction.  Ko  cleavage  cracks  cross  them,  nor  are  crystal  contours 
sufficiently  sharply  marked  to  aid  in  the  determination  of  the  extinc- 
tion. Occasionally  a  fragment  remains  dark  during  its  revolution 
between  crossed  nicols.  This  may  be  made  to  show  a  uniaxial  figure, 
which,  when  tested,  is  found  to  have  a  positive  character. 

The  composition  of  the  rock  as  a  whole  as  determined  by  Mr.  L.  G. 
Eakius,  is  as  follows : 

Analysis  of  nephelite-ayenite  from  Kennebec  County  Maine. 


Per  cwit. 


SiOi 00.30 

A1,0, 22.5! 

Fe^Oj 42 

FtO 2.20 

MnO .08 

CaO 32 

MgO 13 

K,0 4.77 

Na,0 8.44 

H^O 57 

( '(), '      t  race 


The  small  quantity  of  K2O  as  compared  with  the  large  amount  of 
Na/O  present  would  indicate  a  scarcity  of  orthoclase  and  an  abun- 
dance of  albite  among  the  feldspars.  A  calculation  of  the  proportions 
of  the  diitereut  constituents  based  upon  the  analyses  given  leads  to  the 
figures:  7  per  cent  of  lepidomelane,  2  per  cent  of  cancrinite,  17  per 
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cent  of  nephelite,  27  per  cent  of  orthoclase  and  microcline,  and  47 
X)er  cent  of  albite.  Ko  other  feldspars  are  present  than  albite,  ortho- 
clase, and  microcline. 

The  rock  from  Litchfield  is  thas  a  granitic  aggregate  of  the  essential 
constituents,  lepidomelane,  nephelite,  and  albite,  and  the  accessories 
zircon,  cancrinite,  sodalite,  albite,  orthoclase,  and  microcline.  It  has 
been  shattered  and  fissured  as  the  result  of  the  action  upon  it  of  great 
pressure,  and  the  crevices  thus  formed  have  been  filled  with  new  feld- 
spar and  other  minerals.  As  its  original  structure  was  granitic,  and 
its  original  components  are  nephelite,  biotite,  and  an  acid  feldspar,  the 
rock  must  be  classed  with  the  nephelite-syenites.  But  as  the  acid 
feldspar  is  largely  albite,  whereas  in  normal  nephelite-syenites  it  is 
l)rinci pally  orthoclase,  the  Maine  rock  represents  a  well-marked  variety 
in  the  nephelite-syenite  group,  a  variety  that  has  been  given  the 
descriptive  name  litchfieldite.^ 

Most  of  the  eleolite-syenites  that  have  been  described  from  North 
America  are  normal  phases,  containing  large  quantities  of  orthoclase, 
and,  in  addition,  pyroxene,  amphibole,  and  sphene.  For  descriptions 
of  these  the  reader  is  referred  to  the  original  articles.^ 

No.  78.  Nephelite-syenite  (Eleolite-syenite). 

(From    Bkrmkrville,    Sussex    County,    New  Jersey.    Described    by   J.    P. 

IDDINGS.) 

The  nephelite-syenite  from  Beemerville,  New  Jersey,  is  a  medium-  to 
coarse-grained,  dark-gray  rock,  with  a  somewhat  greasy  luster.  Its 
texture  varies  considerably  from  a  fine-grain*  d,  evenly-granular  mass 
to  a  coarse  grained  one,  with  prominent  feldspars,  which  present  long, 
narrow  sections  on  the  surface  of  the  rock.  The  rock  forms  a  dike  cut- 
ting Hudson  River  shales,  and  has  been  desirribed  in  detail  by  Prof. 
B.  K.  Emerson.'*  In  places  the  rock  contains  90  per  cent  of  nephelite. 
Under  the  microscope  it  is  seen  to  consist  of  nephelite,  orthoclase, 
aegirite,  biotite,  with  melanite,  sphene,  apatite,  and  zircon  in  smaller 
amounts  and  in  quite  variable  proportions.  In  fact  the  mineral  com- 
position differs  considerably  in  different  parts  of  the  mass. 

In  general  nephelite  (eleolite)  appears  to  have  crystallized  before  the 
feldspar,  when  the  nephelite  is  idiomorphic  or  is  inclosed  within  the 
felds]>ar  in  irregularly-shai)ed  crystals.  Its  substance  is  quite  fresh, 
with  little  or  no  indication  of  decomposition.     In  some  places  there 


*  Bull.  Geol.  Soo.  America,  Vol.  Ill,  p.  243. 

'B.  K,  Emerson,  On  a  great  dike  of  foyaite  or  eleolite-syenite,  cutting  the  Hudson  River  shales  in 
oorthwestem  New  Jersey :  Am.  Jour.  Sci.,  3d  series,  Vol.  XXIII,  1882,  p.  302.  Lacroix,  Sur  la  sy^uit^ 
616olitbiqae  de  Montreal  (Canada) :  Comptea  Rendus.  ex.  1890,  p.  1152.  J.  F.  Williams,  The  igneous 
rocks  of  Arkansas:  Ann.  Rept.  GeoL  Surrey  Arkansas,  1890,  Vol.  II,  p.  129  et  seq.  W.  S.  Bayley, 
The  eleolite-syenite  of  Litchfield.  Maine,  and  Hnwes'  hornblende  syenite  from  Red  Hill,  New  Hamp- 
shire :  BaU.  GeoL  Soc.  America,  Vol.  Ill,  1892,  pp.  231-252. 

*B.  K.  Emerson,  On  a  great  dike  of  foyaite  or  eleolite-syenite.  cutting  Iludsou  River  Hbales  in 
northwestern  New  Jersey :  Am.  Jonr.  Sci.,  3d  series,  Vol.  XXIII,  1882.  pp.  302-308. 
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are  minute  irregalar  crystals  of  a  transparent  mineral,  with  strong 
double  refraction  and  lower  single  refraction  than  nephelite;  this  is 
probably  cancrinite,  and  may  be  secondary.  The  prismatic  cleavage  is 
somewhat  developed,  but  not  marked.  Its  index  of  refraction  being 
higher  than  that  of  orthoclase,  the  nephelite  stands  out  in  distinct 
relief  when  in  this  mineral.  The  double  refraction  for  both  minerals 
ranges  from  zero  to  grayish  white  of  the  first  order,  and  is  not  a  means 
of  distinction  between  thom* 

The  feldspar  appears  to  be  wholly  orthoclase,  in  some  cases  exhibit- 
ing microperthite  intergrowth  with  plagioclase,  presumably  albite. 
The  outline  of  the  feldspar  crystals  is  generally  allotriomorpliic. 
Twinning  according  to  the  Carlsbad  law  is  common,  that  according  to 
Baveno  law  also  occurs,  in  simple  twins,  and  also  in  crossed  twins, 
furnishing  cross  sections  with  triangular  quadrants,  of  which  the  oppo- 
site pairs  have  like  orientation.  The  ordinary  cleavage  is  often  dis- 
tinct. A  slight  decomposition  has  produced  a  cloudy  indeterminable 
alteration  product  in  some  cases.  In  general  the  feldspars  are  less 
fresh  than  the  nephelite.  Both  of  these  minerals  are  traversed  by 
veins  filled  with  an  isotropic  medium,  probably  sodalite.  ^^girite 
occurs  in  crystals  with  irregular  outlines,  sometimes  better  defined  in 
the  prismatic  zone.  The  color  is  dark  green  with  pleochroism  to 
brown.  Cleavage  is  pronounced.  The  large  crystals  of  segirite  inclose 
most  all  of  the  other  rock  constituents  in  small  crystals  or  grains;  that 
is,  orthoclase  and  nephelite,  and  more  often  sphene,  biotite,  melanite, 
and  magnetite.  In  some  places  all  of  these  minerals  are  so  inter- 
mingled as  to  apx)ear  to  be  contemporaneous  in  growth. 

Bio'tite  forms  irregular  crystals,  with  dark  reddish-brown  color  and 
strong  absorption.  It  may  inclose  sphene,  u^girite,  magnetite,  apatite, 
and  zircon.  Melanite  forms  irregular  grains,  with  a  dark-brown  color, 
high  refraction,  and  isotropic  character.  It  is  not  uniformly  dissemi- 
nated through  the  rock.  It  incloses  aegirite,  magnetite,  and  sphene, 
and  appears  intergrown  with  feldspar  and  nephelite  to  some  extent. 

Sphene  is  generally  idiomorpliic,  and  is  abundant.  It  occurs  in  most 
all  the  other  constituents  in  well-defined  crystals,  but  is  sometimes 
allotriomorphic  with  respect  to  iegirite  and  biotite,  and  occasionally 
incloses  small  crystals  of  legirite.    Twinning  is  frequently  observed. 

Apatite  is  abundant  in  more  or  less  rounded,  short,  stout  crystals, 
associated  with  the  ferromagnesian  minerals.  It  is  sometimes  in  sharp 
crystali?.  Magnetite  forms  irregularly  shaped  grains  intimately  con- 
nected with  the  dark  colored  minerals.  Zircon  occurs  in  minute  crys- 
tals, sometimes  short  and  stout  and  rounded,  sometimes  long  and 
narrow. 

On  acicount  of  the  variability  of  this  rock  in  texture  and  in  mineral 

composition,  it  will  be  found  that  the  specimens  in  the  collection  differ 

considerably  in  both  these   respects.    The  largest  of  the  feldspars, 

according  to  Professor  Emerson,  are  30"™  in  length.    In  some  parts 

of  the  rock  he  estimated  the  percentage  of  nephelite  present  at  90.    . 
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The  chemical  composition  of  the  average  rock  is  given  in  the  accom- 
panying analysis,  which  was  made  by  L.  G.  Eakins. 

AnalyaU  of  nrpheliU-syenxte. 


SiO,  . 

A1,0, 

Fe,0, 

F«0.. 

MdO.. 

NiC. 

CaO  . 

MgC 

KaO.. 

Na,0. 

H,0.. 

CO,... 


Per  cent. 

53.56 

24.43 

2.19 

1.22 

.10 


1.24 

.31 

9.50 

6.48 

.93 


Total 


99.96 


DIORTTE-ANDESITE  FAMILY. 

No.  79.  Andesitic  Tuff.^ 

(From  Stillwatkr  Creek  (near  Rinehart's),  Eight  Miles  Northeast  of  Red- 
ding, California.    Described  by  J.  S.  Diller.) 

This  gray,  earthy  rock  in  the  hand  8i)eciraen  is  not  conspicuously 
fragmental,  but  if  examined  closely  it  will  be  found  to  contain  lighter 
and  darker  colored  pebbles  embedded  in  a  gray  groiindmass.  In  the 
cliff  from  which  these  specimens  were  collected  it  is  readily  seen  that 
the  white  portions  are  fragments  of  pumice  and  the  darker  ones  are 
andesitic  lava,  so  that  the  material  of  which  the  rock  is  composed  is 
evidently  of  volcanic  origin. 

On  Stillwater  Greek  there  is  a  small  mass  of  this  tuff  now  exposed, 
and  it  is  many  miles  from  the  nearest  volcanic  center.  Formerly  it 
was  connected  both  eastward  and  westward  with  larger  masses  of  tuff, 
which  have  a  wide  distribution  upon  the  borders  of  the  Sacramento 
Valley.  Upon  the  western  side  of  the  Sacramento  Valley  the  material 
is  very  fine.  Along  the  Stillwater  it  is  intermediate  in  size,  and  on 
the  eastern  side  of  the  valley,  where  the  mass  is  very  thick,  it  is  coarse. 
Since  sediments  of  volcanic  origin  are  coarsest  and  their  accumulation 
is  thickest  very  close  to  the  i)oint  of  eruption,  it  is  evident  that  the 
source  of  the  tuff*  on  Stillwater  Creek  is  to  be  found  to  the  eastward  in 
the  Lassen  Peak  district.  Where  best  exposed  the  tuff  is  distinctly 
stratified,  and  was  evidently  deposited  in  a  body  of  water  which  filled 
the  Sacramento  Valley. 

In  the  hand  specimen,  besides  the  small  fragments  of  andesite  and 
pumice  already  mentioned,  there  are  small,  dark  specks,  which,  when 


*  Instead  of  f«^  the  word  (u/a  is  sometimes  written.  The  former  should  be  nHcd  for  frajimonfal 
volcanio  rooks  only,  and  the  latter  for  certain  forms  of  carbonate  of  lime,  as  "  calcareous  tufa, "  depos- 
ted  f^om  aolatiim  in  water. 


212  THE   EDUCATIONAL   SERIES   OF   BOCK   SPECIMENa     [bulliso. 

removed  from  the  specimen  with  the  point  of  a  knife  blade,  cmsbed 
and  examined  in  |X)larized  light,  are  foand  to  have  the  cleavage,  strong 
pleochroism,  and  inclined  extension  belonging  to  hornblende. 

Grains  of  feldspar,  too,  are  qnite  common  in  the  hand  specimen,  bat 
on  accoant  of  the  fragile  uatnre  of  the  matter  in  which  they  are 
embedded  many  of  the  crystals  break  out  of  the  thin  sections  when 
the  material  is  being  ground.  In  the  thin  section  the  remaining  feld- 
spars are  rarely  idiomorphic.  They  are  usually  found  to  be  very  irreg- 
ular, corroded  or  broken  crystals,  containing  many  glass  and  liquid 
inclusions.  Their  tabular  form,  zonal  structure,  and  angle  of  extinc- 
tion agree  very  closely  with  those  of  andesine  from  the  andesites  of 
the  Lassen  Peak  region.  Fragments  of  magnetite  and  of  hornblencle 
crystals  are  not  ex)mmon,  and  those  of  bypersthene  are  rare. 

The  gray  groundmass,  which  constitutes  at  least  75  per  cent  of  the 
tuff',  is  made  up  of  minute  fragments  of  volcanic  glass.  This  is  easily 
discovered  when  examined  with  a  higher  magnifying  power.  It  is  then 
seen  to  be  composed  of  such  curiously  formed  particles  as  are  repre- 
sented in  lig.  15.    a  has  the  same  tubulo-vesicular  structure  as  the 


6  a  ^  c 

Fig.  15.— Fragments  of  Tolcanio  glass  in  tnff  as  seen  under  the  microscope,  X  50. 

larger  fragments,  and  in  fact  is  a  minute  particle  of  pumice.  Wbere 
thin,  the  glass  is  clear  and  transparent,  but  where  thick  it  is  slightly 
dark  colored,  b  represents  the  curved  wall  of  a  broken  bubble,  c  is  a 
small  vesicle,  still  complete  and  surrounded  by  tubular  glass,  and  d  is 
interstitial  glass  between  several  bubbles  and  is  not  tubular.  All  are 
sharp,  angular  particles  of  glass,  exactly  analogous  to  volcanic  dust. 
Although  the  macroscopic  evidence  indicating  that  the  rock  is  tuffa- 
ceous  is  strong,  the  microscopic  evidence  is  still  stronger,  and  demon- 
strates completely  its  volcanic  origin. 

The  analysis  given  below  shows  its  chemical  composition,  as  deter- 
mined by  W.  n.  Melville: 

Analysis  of  andesitic  tuff  from  Stillwater  Creekf  California. 


Per  cent. 


Lo»8 3. 63 

S  i  O, I  09 . 5 1 

Al/3s 15.61 

Fe^Oj 0. 56 

FeO \  1.27 

CaO 2. 80 

MgO.  0.61 

KiO 2.81 

Na,0 3.43 


Total 100.23 
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Taffy  in  Its  widest  sense,  is  applied  to  nil  fragmental  rocks  composed 
of  volcanic  material,  but  it  is  more  frequently  used  to  designate  only 
those  which  are  composed  of  fine  volcanic  detritus,  such  as  lapilli, 
sand,  or  dust.  Those  made  of  coarse  fragments,  somewhat  assorted 
according  to  size,  are  called  volcanic  conglomerates;  while  others, 
which  are  composed  of  large,  angular  blocks  as  well  as  fine  material — 
all  intermingled,  as  they  frequently  are  in  the  immediate  vicinity  of 
the  volcanic  vent — are  designate<l  volcanic  agglomerate. 

Although  much  of  the  fragmental  volcanic  material  about  volcanic 
vents  is  more  or  less  rounded,  forming  conglomerates,  there  are  also 
many  cases  in  which  it  is  sharp  and  angular,  forming  breccias.  These 
result  not  only  from  accumulations  of  angular  ejected  material,  but 
also,  and  perhaps  frequently,  from  the  breaking  up  or  complete  breccia- 
tion  of  brittle  viscous  lava  at  the  time  of  its  eruption. 

Uses. — The  so-called  pozzolana,  of  Italy,  and  trass,  of  the  Eifel,  in 
Germany,  are  tufis,  and  are  extensively  used  in  the  manufacture  of 
hydraulic  cement. 

Near  Paskenta,  California,  a  tuff  of  the  same  stratum  as  that  which 
occurs  on  the  Stillwater  is  used  for  making  water  coolers.  As  it  is 
porous  it  allows  the  water  to  evaporate  rapidly  through  the  sides  of  the 
vessel  and  thus  cools  the  contents  of  the  jar.  Tuff,  on  account  of  its 
composition,  is  a  poor  conductor  of  heat,  and  does  not  readily  crack 
when  exposed  to  fire.  On  this  account  it  is  used  quite  extensively  in 
volcanic  regions  for  constructing  chimneys.  It  is  soft  and  easily  cut 
into  any  desired  shai>e,  but,  as  it  is  easily  crushed,  it  can  not  be  used  for 
large  structures  where  it  will  be  subjected  to  great  pressure. 

No.  80.  Dacite. 
(From  Bear  Crkek  Falijs,  Shasta  County,  California.    Described  by  J.  S. 

DiLLER.) 

In  the  field  this  dacite  is  of  comparatively  small  extent,  covering 
only  a  few  square  miles.  The  forks  of  Bear  Creek,  in  cutting  their 
canyons,  have  severed  the  original  mass  into  five  smaller  masses.  Tbey 
all  rest  ui>on  andesitic  tuff,  which  at  the  time  the  dacite  was  erupted 
was  unconsolidated,  so  that  the  overflowing  dacite  picked  up  and 
included  a  multitude  of  small  fragments  of  andesite.  The  tlow  has  a 
maximum  thickness  of  about  80  feet.  Its  upper  portion  is  compara- 
tively free  fh>m  included  fragments,  but  below  it  is  full  of  them,  and 
so  closely  resembles  the  tuff  by  which  it  is  underlain  that  the  line 
between  the  two  rocks  is  generally  indistinct.  Some  of  the  cliffs  of 
this  dacite  along  Bear  Greek  exhibit  a  remarkably  well-developed 
columnar  structure. 

It  is  a  rough,  gray  rock,  containing  short  streaks  of  black  glass, 
approximately  parallel,  giving  to  the  rock  a  decided  fluidal  structure. 
This  feature  is  usually  much  more  conspicuous  in  the  rhyolites  than  in 
the  dadtes.    In  the  field  this  structure  i»patA\A\»^\i^  ^\i.\^%RR.^'5i»SL 
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is  plainly  seen  to  have  been  produced  by  the  flowing  of  the  lava  at  the 
time  of  its  eruption. 

In  the  hand  specimen  it  may  be  observed  that  the  larger  streaks  of 
black  glass  are  distinctly  perlitic,  and  sprinkled  with  phenocrysts  of 
feldspar.  The  gray  portion  is  somewhat  mottled,  and  envelops  occar 
sionally  small  fragments  of  andesite  picked  up  at  the  time  the  lava  wa8 
effused. 

Under  the  microscope,  as  seen  in  PI.  XXX,  the  rock  becomes  plainly 
porphyritic,  with  angular  fragments  of  feldspar,  hyx)ersthene,  horn- 
blende, and  quartz  embedded  in  a  liglit-colored  groundmass  of  glass,  in 
which  the  fluidal  structure  is  well  displayed. 

The  feldspar  occurs  in  irregular  tabular  crystals  and  fhigments  of 
crystals,  which  generally  show  the  twinning  lamelhe  and  angle  of  sym- 
metric extinction  belonging  to  andesine  and  labradorite.  Polysyn- 
thetic  twinning  occurs  according  to  both  albite  and  pericline  laws,  but 
the  former  is  much  more  frequent  than  the  latter,  and  they  are  gener- 
ally combined.  The  angle  of  extinction  of  cleavage  plates  on  M  and  P 
ranges  from  zero  to  20^,  and  lies  chiefly  about  13^,  indicating  labra- 
dorite. 

There  is  a  small  amount  of  sanidine  present,  indicated  in  part  by  the 
absence  of  twinning  laiuellre,  but  chiefly  by  the  low  specific  gravity, 
i^.5G,  and  the  presence  of  considerable  potassium,  as  shown  by  the  chemi- 
cal analysis  of  the  rock.  Only  a  portion  of  the  i)otassium  is  to  be  rele- 
gated to  sanidine,  for  the  greater  portion,  as  has  been  shown  by 
chemical  tests,  is  within  the  glassy  groundmass. 

Tbe  feldspar  contains  numerous  liquid  and  glass  inclusions,  besides 
a  smaller  amount  of  magnetite,  quartz,  pyroxene,  and  hornblende,  which 
crystallized  at  an  earlier  stage  than  the  feldspar  in  the  solidification  of 
the  rpck.  A  striking  feature  of  the  feldspar  is  the  rarity  of  perfect 
crystals.  In  form  it  is  irregular  and  fragmental,  affording  evidence 
that  the  crystals  were  broken  by  the  flowing  viscous  lava  during  ite 
eruptions.  Feldspar  is  more  abundant  than  all  the  other  minerals 
<K)n)bined. 

In  ferroniagnesian  silicates  this  rock  is  especially  poor,  and  of  these 
hypersthene  and  hornblende  are  the  only  ones  present.  Hypersthene 
is  most  abundant,  and,  like  the  hornblende,  it  occurs  in  irregular  phen- 
ocrysts and  small  grains. 

Quartz  is  rare  in  angular  fragments  and  round  grains,  containing 
dihexahedral  glass  inclusions. 

The  glassy  groundmass  constitutes  nearly  two-thirds  of  the  rock, 
and  has  a  marked  fluidal  structure  due  to  irregular  streaks  of  clear, 
colorless  glass,  alternating  with  others  that  are  clouded.  The  clear 
streaks  are  frequently  full  of  elongated  glass  cavities,  as  in  pumice,  and 
have  i)erlitic  structure,  as  shown  in  PI.  XXX.  Tbe  clouded  ones  are 
composed  cbiefly  of  glass  containing  a  multitude  of  amor]>hous,  dust- 
mike pnrticle»f  and  a  few  irregular  grains  of  feldspar  and  other  minerals. 

caaionally  they  contain  spheruUtic  porttona. 
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The  chemical  composition  of  the  dacite,  determined  by  B.  B.  Eiggs, 
is  as  follows: 

Analysis  of  daciie  from  Bear  Creek  Falls,  Shasta  County,  California. 


Percent. 


SiO, j  «8.10 

TiO, '  0.16 

AlA 15.50 

re,0, 3.20 

FeO non© 

P^)5 0.03 

MnO trace 

BaO 0.06 

SrO ',  trace 

CaO i  3.02 

MgO ;  0.10 

Li^O I  none 

Xa,0 ■ ;  4.20 

K,0 3.13 

H,0 1  2.72 

Total 100.21 

Dried  at  105°  C. 


The  small  ainoiiiit  of  iron  oxide  and  magnesia  present  is  dae  to  the 
small  proportion  of  ferromagnesian  silicates.  The  rather  large  amount 
of  lime  present  is  found  in  the  labradorite,  while  the  soda  and  potassa 
are  found,  as  in  the  Lassen  Peak  dacite,  chiefly  in  the  groundmass. 

No.  81.  Dacitb. 

(From  Spring  Vallky  Road,  Eureka  CorNTY,  Nevada.    Described  by  J.  P. 

Iddings.  ) 

This  rock  occurs  as  part  of  a  surficial  body  of  andesitic  perlite, 
which  varies  in  mineral  composition  and  character,  the  most  siliceous 
modification  being  dacite. 

The  dacite  is  compact,  with  an  earthy  texture  and  rough  fracture. 
It  is  buflf,  with  lumps  of  pink,  yellow,  or  white  tuff,  and  is  crowded 
with  phenocrysts  of  black  biotite,  small  amounts  of  hornblende  and 
pyroxene,  abundant  feldspars,  and  numerous  dark-colored  quartzes. 
The  quartzes  resemble  those  in  the  rhyolite  of  Pinto  Peak  in  this  col- 
lection. The  character  of  the  rock  differs  somewhat  in  different  speci- 
mens. In  thin  section  the  groundmass  of  the  rock  is  seen  to  have  been 
glass,  which  is  more  or  less  altered  and  devitrified.  It  exhibits  char- 
acteristics of  glasses  that  appear  as  welded  fragments  and  bits  of  tuff, 
having  a  marked  flow  structure.  It  is  seldom  isotropic,  but  is  faintly 
doubly  refracting  and  in  places  consists  of  minute  colorless  globules. 
There  is  much  semiopaque  cloudy  material  of  an  indeterminable 
nature.  OcQasionally  there  is  distinct  spherulitic  crystallization,  and 
in  places  the  gronndmass  is  microcrystalUne  in  irref^ulex  «:QL^Vi\r^v&>^!^ 
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grains.    The  niicrostmctare  of  the  rock  varies  considerably  in  di£ferent 
parts  of  it. 

The  phenocrysts  of  feldspar  are  plagioclase;  four-fifths  of  the  indi- 
viduals are  striated,  and  the  symmetrical  extinction  angles  range  from 
a  few  degrees  to  about  30o.  They  belong  to  the  andesine-labradorite 
varieties.  The  double  refraction  corresponds  to  that  of  feldspars  richer 
in  lime.  For  the  most  part  they  are  in  angular  fragments,  but  some 
exhibit  the  customary  crystal  outlines.  Inclusions  of  colorless  glass  in 
rectangular  shapes,  and  with  an  inclosed  gas  bubble,  are  common,  and 
in  some  individuals  are  abundant.  Clouds  and  streaks  of  dust-like 
particles  prove  to  be  made  up  of  minute  glass  inclusions,  0.002™*°  in 
diameter,  together  with  grains  of  iron  oxide,  magnetite,  and  opaque 
rods.  The  streaks  are  often  in  parallel  lines,  whose  orientation  in  the 
feldspar  crystal  is  not  determinable.  They  suggest  the  dust  like  inclu- 
sions characteristic  of  the  plagioclase  of  many  gabbros.  Minute  crys- 
tals of  ai>atite  and  zircon,  and  of  the  accompanying  ferromagnesian 
minerals  are  also  included.  The  substance  of  the  feldspar  is  fresh  and 
unaltered. 

Quartz  is  much  less  abundant  and  occurs  in  rounded  and  irre^gular 
grains.  Its  substance  is  colorless  in  thin  section.  Glass  inclusions  in 
negative  crystal  cavities  are  common,  and  also  those  of  groundmass. 
Other  inclusions  are  seldom  observed. 

Hornblende  is  quite  abundant  in  crystals  and  fragments.  The  crys- 
tals are  well  developed  in  the  prismatic  zone,  with  unit  prism  and 
clinopinacoid,  less  often  the  orthopinacoid.  Terminal  x)lanes  are  rare. 
Its  prismatic  cleavage  is  characteristic.  The  color  is  brown,  with  a 
tinge  of  green;  the  absorption  is  strong,  and,  as  usual,  c^b>a.  It  is 
free  from  dark  border,  and  has  no  characteristic  inclusions,  being  in 
general  quite  free  from  them.    Its  substance  is  unaltered. 

Of  the  pyroxenes,  the  orthorhombic  form  is  more  abundant  than  the 
monoclinic.  Hypersthene  in  irregularly  shaped  crystals  is  more  or  less 
altered  to  a  fibrous  decomposition  product.  The  unaltered  hyi)ersthene 
exhibits  a  slight  pleochroism  in  thin  sections,  becoming  more  marked 
in  thicker  sections.  It  is  green  parallel  to  the  axis  c,  light  reddish 
brown  parallel  to  a  and  b.  The  substance  is  generally  free  from  inclu- 
sions, but  sometimes  bears  numerous  magnetite  grains  and  glass 
inclusions,  besides  apatite  needles  and  grains  of  hornblende.  When 
altered  the  hypersthene  passes  into  a  fibrous  green  mineral,  whose 
fibers  are  about  parallel  to  the  crystallographic  c  axis.  The  alteration 
product  has  the  optical  properties  of  actinolite.*  Augite  occurs  spar- 
ingly in  pale-green  grains  and  crystals,  and  is  distinguished  from  the 
hypersthene  by  its  lack  of  pleochroism,  monoclinic  characters,  and  by 
its  generally  unaltered  condition  when  near  hypersthene  which  is  more 
or  less  decomposed. 

Biotite  is  the  most  prominent  ferromagnesian  mineral  in  the  more 


^See  tg^.  5  and  0,  PL  III,  Monograph  XX^,  Oeul.  of  the  Eureka  District,  Washington,  1802. 


DiLLEB.]  DESCRIPTIONS:    NO.  82,  DACITE.  217 

qnartzoae  varieties  of  tliis  rock.  It  forms  six-sided  plates,  is  dark 
brown  in  thin  sections,  witli  strong  absorption.  It  possesses  a  small 
optic  angle,  behaving  almost  as  a  uniaxial  mineral.  It  sometimes 
exhibits  the  common  twinning.    Inclasions  are  rare. 

Magnetite,  apatite,  and  zircon  occar  as  subordinate  minerals.  The 
zircon  crystals  often  have  sharp  outlines  and  well-developed  forms, 
including  the  two  unit  prisms  and  pyramids,  and  the  ditetragonal 
pyramid  3  P  3  (311).  The  more  common  forms  are  shown  in  figs.  15-20, 
PI.  Ill,  Monograph  XX,  United  States  Geological  Survey. 

The  chemical  composition  is  probably  similar  to  that  of  the  dacite 
from  northeast  of  South  Hill  in  the  same  district,  given  on  page  264, 
Monograph  XX.  (Clonsult  Monograph  XX,  U.  S.  Geol.  Surv.,  pp.  236 
and  308  et  seq.) 

No.  82.  Daoite. 
(From  Lassex  Pkak,  California.    Described  bt  J.  8.  Diller.) 

Lava  which  is  characterized  by  lime-soda  ft  Idspars  and  quartz  is 
dacite.    It  is  sometimes  called  quartzandesite. 

Lassen  Peak,  like  Mount  Shasta,  Mount  Hood,  and  many  other 
prominent  peaks  of  the  Cascade  range,  was  once  an  active  volcano, 
an<l  of  its  newer  lavas  dacite  forms  by  far  the  greater  portion.  It  is 
wiflely  distributed  about  the  base  of  the  peak,  and  at  one  phice,  known 
as  Chaos,  it  is  of  so  recent  eruption  that  it  still  remains  in  its  original 
extremely  rough,  broken,  rocky  condition. 

It  is  a  porphyritic  gray  lock,  which  has  a  rough  fracture  and  porous 
structure.  At  first  sight  it  looks  somewhat  like  granite,^  from  whiith, 
however,  it  differs  essentially  in  containing  a  large  amount  of  glassy 
base. 

Among  the  phenocrysts  embedded  in  the  light-gray  groundmass, 
hornblende  and  biotite  are  the  most  conspicuous.  Plagioclase  is  most 
abundant.  Qua  tz  is  common  and  pyroxene  scarce.  Idiomorpliic 
phenocrysts  are  rare;  the  crystals  are  nearly  all  rounded  or  broken  by 
the  movements  of  the  lava  at  the  time  of  its  eruption. 

The  hornblende  is  black  where  fresh,  becoming  brownish  by  altera 
tion.  It  appears  occasionally  in  well-defined  crystals,  but  usually  its 
form  is  broken  or  irregular.  Pyroxene  is  occasionally  found  grown 
u]>on  hornblende  in  parallel  position.  Grains  of  magnetite  are  fre- 
quently included  in  hornblende,  but  the  black  border  so  common  about 
the  hornblende  and  mica  in  many  andesites  is  entirely  absent  here. 
Apatite,  almost  black,  as  seen  in  the  hand  specimen,  by  transmitted 
light  appears  deep  brown  and  strongly  pleochroic.  It  sometimes  con- 
tains inclusions  of  both  magnetite  and  apatite. 

The  feldspar  phenocrysts,  as  shown  by  Hague  and  Iddings,  are  all 
plagioclase,  and  belong  chiefiy  if  not  wholly  to  andesine.    Well  defined 

1  Butm  Ton  Blohthofen,  The  Natural  System  of  Voloanio  RookB,  p.  16.    Hft((ae  and  Iddinga,  Am. 
Jonr.  Sol.,  8d  mtIm,  ToL  ZXVI,  Sept.,  1888,  p.  381. 
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crystals  are  rare.  The  usual  form  is  rounded  or  broken,  and  frequently 
contains  numerous  glass  inclusions. 

The  quartz,  when  seen  in  thin  sections,  is  found  to  be  well  rounded, 
and  generally  contains  the  characteristic  dihexabedral  glass  inclusions. 

The  pyroxene  is  chiefly  hypersthene,  although  augite  is  sometimes 
present.  The  crystals  are  usually  so  small  that  they  belong  rather 
to  the  groundmass  than  to  the  phenocrysts. 

The  gray  groundmass  is  porous,  sometimes  fibrous  and  pumiceons,  a 
feature  which  can  be  best  observed  in  the  hand  specimen  with  a  small 
lens.  In  the  thin  section  it  is  seen  to  be  comiK)sed  chiefly  of  clear 
glass  swarming  with  acicular  colorless  crystallites.  It  contains  com- 
paratively  small  crystals  and  grains  of  feldspar  with  a  smaller  propor- 
tion of  hornblende,  hyi)ersthene,  biotite,  ami  magnetite,  besides  round 
or  irregnlar  dark  gray  felty  spherulitic  patches. 

The  chemical  comi)osition  of  the  lava  at  Lassen  Peak  shows  that  it 
is  a  typical  dacitc.  Analyses  have  been  made  of  different  flows  and 
are  given  in  the  accompanying  table. 

Anaij/aea  of  lara  from  lAuaen  Peak,  California, 


1   '■ 

■  7Vr  cent. 
SIO, I      fl0.5l 

Tio, : 

AljO, 15.75 

CrA 

FoaO, :i.34 

FeO 

MnO ; 

CftO i        1.71 

SrO 

ItaO 

Mj^'0 2.09 

KjO :i.34 

Nu,() :i.89 

Li^ 

U,() 0.56 

IV)6 


3. 


I 


Per  rent. 
08. 'JO 


Per  ernt.    Per  eeut.  i  Per  cent. 


16.98 


a.  95 


4.  as 


2.07 
1.52 
2.98 


0.44 


68.72 

0.31 

15.15 

IIOUO 

1.16 
1.76 
0.11 

a.»o 

0.03 
0.07 
1.28 
2.78 
4.26 
trace 
0.74 
0.09 


68.82 
0.31 

15.26 

Doue 
1.66 
1.26 
0.04 
rj.26 

truce 
0.07 
1.32 
2.81 
4.27 

trace 
1.:j7 
0.12 


55.14 
0.52 

19.10 

none 
6.16 
0.54 
0.11 
8.36 
0.07 

trace 
4.23 
1.04 
3.71 

trace 
0.91 
0.18 


Total 100.19 


100.27 


99. 76         100. 07 


100.07 


6l 

7. 

PercenL 
65.77 

21.61 

^treMC 
76.7ft 

12.  SS 

::::::::::  ::::::::"i 

traoe 

i.se 

5,n 

LIS 

none 
0.83 
6.92 

HOBS 
S.96 
8.86 

0.84 

0.6A 

i 

100.00 

90.68 

No.  1.  (rray  datrite  at  8outlu*nfit  bane  of  LRHsen  Peak.    Analyst,  T.  M.  Gliatard. 

No.  2.  KetldiHb  dnritc  ut  uortlicaat  luirie  of  Lansen  Peak.    Analynt,  T.  M.  Cliatard. 

Xo.  3.  Dacile  of  lateral  eru])tioii  at  ChaoH,  north  base  of  Lanseii  Peak.    Analyat,  W.  F.  HUlebnuid. 

No.  4.  Gray  dacite,  west  base  of  Laaaen  Peak,  envelopes  5. 

No.  5.  Nodule  containeil  iu  4. 

No.  6.  FeMspar  ( Am.  Jour.  Sci.,  3d  series,  Vol.  XXYI,  p.  232,  Sept.,  1883) .    Analyst,  P.  W.  Shtmer. 

No.  7.  Gbtss  base  ( Am.  Jonr.  Sci..  3d  series.  Vol  XXVI,  p.  232,  Sept.,  1883) .    Analyst,  P.  W.  Shlmtr. 

In  the  first  column  is  given  an  analysis  of  the  material  in  this  series. 
The  comi>osition  of  the  feldspar,  determined  by  Messrs.  Hagae  and 
Iddings,  is  given  in  column  G,  and  that  of  the  glass  base  in  column  7, 
wliere  It  appears  that  the  latter  contains  the  chief  portion  of  the  potas- 
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sium  and  that  none  of  the  feldspar  is  sanidine.  It  is  evident  also  that 
the  glass  base  contains  a  larger  percentage  of  silica  than  the  crystal- 
lized portion  of  the  dacite.  It  is  almost  always  tme  that  in  the  process 
of  crystallization  the  basic  elementH  become  mineralized  with  greater 
rapidity,  relatively,  than  the  silica,  so  that  the  amorphous  residue  in 
hy]>ocry8ta]]ine  eruptive  rocks  is  generally  richer  in  silica  than  the 
average  of  that  portion  which  is  crystallized. 

Although  the  great  mass  of  dacite  at  Lassen  Peak  contains  a  larger 
proportion  of  glass  base  and  has  attained  a  lower  degree  of  crystalliza- 
tion than  most  of  the  other  lavas  in  the  same  region,  there  are  within  the 
mass  isolated  nodules,  as  seen  in  PI.  XXXI,  that  are  holocrystalliue, 
or  contain  a  relatively  small  amount  of  glass  base.  The  complete  crys- 
tallization of  the  mass  at  the  time  of  its  eruption  was  doubtless  pre- 
vented by  the  condition  of  the  magma  taken  in  connection  with  its 
environment.  The  irregular  holocrystalliue  nodules,  on  account  of  their 
hisrher  degree  of  crystallization,  may  be  regarded  as  the  first  portion  of 
the  mass  to  solidify. 

In  these  nodules  hornblende  is  much  more  abundant  than  in  the 
dacite  which  envelops  tlie  nodules.  It  is  frequently  allotriomorphic 
against  the  feldspar,  as  the  augite  in  diabase;*  biotite  and  pyroxene 
are  usually  less  abundant,  and  olivine  is  occasionally  present,  and  some 
tridymite.  Tlie  feldspar  are  generally  lath-shaped.  A  chemical  analy- 
sis of  one  of  these  nodules,  with  that  of  the  enveloping  dacite,  is  given 
in  the  table. 

Similar  nodules  are  found  in  many  eruptive  rocks,  especially  such  as 
granite,  diorite,  etc.,  which  have  crystallized  at  a  considerable  depth 
beneath  the  earth's  surface.  They  are  generally  more  basic  than  the 
rock  inclosing  them,  and  are  regarded  by  many  petrogra])hers,  but  not 
all,  as  the  part  of  a  once  homogeneous  magma,  separated  out  in  the 
process  of  difl'erentiation  and  first  to  crystallize. 

Dacites  are  sometimes  holocrystalline,  but  frequently  contain  more  or 
less  amorphous  matter.  In  a  general  way  they  are  intermediate  in  the 
rock  series  between  rhyolite  and  andesite.  The  structure  and  habit  of 
many  dacites  appears  most  closely  related  to  those  of  rhyolite,  but  in 
the  field  they  are  commonly  found  associated  with  andesites.  In  the 
Lassen  Peak  region  the  dacites  and  rhyolites  are  of  a])proximately  the 
same  age,  and  both  are  younger  than  the  andesites  which  they  have 
overflowed. 

No.  83.  HOBNBLENDEMIOA-ANDESITE. 

(From   Hoosac   Mountain,   Eureka   County,  Nevada.     Described  by  J.  P. 

Iddings.) 

This  rock  occurs  in  a  small  exposure  on  the  road  northeast  of  Hoosac 
Mountain,  Eureka  County,  Nevada.    It  appears  to  be  a  lava  flow  or 

1  See  ftlso  Hague  and  Iddings,  Am.  Jonr.  Sci.,  Sept.,  1883,  3d  series,  Vol.  XXVI,  p.  234, 286;  and  Rosen- 
Iniaoh,  Mlkroakopiaohe  Physlographie  der  maasigen  QeatainA,  24  eAiUm^  ^HKl^  -^«^^« 
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posRibly  an  intrusive  body,  its  contact  with  the  limestone  not  having 
been  discovered.  It  is  a  dense,  compact  rock  having  a  reddish-pnrple 
to  purplish-gray  groundmass,  rich  in  megascopic  crystals  of  feldspar, 
hornblende,  and  biotite,  the  feldspar  predominating.  Pyroxene  is 
wholly  absent. 

In  thin  sections  the  groundmass  is  seen  to  be  holocrystalline,  com- 
posed of  microlites  of  plagioclase,  largely  oligoclase,  in  an  aggregate  of 
feldspar  and  quartz  grains.  These  grains  are  nearly  free  from  microlites 
at  their  centers.  There  are,  besides,  minnte  crystals  of  magnetite  and 
opaque  microlites  which  eorresi)ond  to  shreds  of  brown  mica  in  some 
instances.  The  lath-shaped  feldspars  show  iluidal  arrangement.  The 
feldspar  phenocrysts  are  wholly  tricliuic.  They  are  finely  developed 
crystals,  for  the  most  part  equidimensional,  yielding  sharply  oatlined 
sections  bavins:  the  usual  forms.  Zonal  structure  is  pronounced  and  is 
well  shown  in  fig.  1,  PI.  V,  Monograph  XX,  United  States  Geological  Sur- 
vey. They  sometimes  exhibit  evidence  of  successive  periods  of  growth 
and  resorption.  The  customary  cleavage  is  not  well  developed  and  is 
often  wanting,  there  being,  instead,  irregular  cracks,  as  in  sanidine. 
The  polysynthetic  twinning  after  albite  and  pericline  is  very  unevenly 
developed.  (This  is  shown  by  figs.  3  and  4,  PI.  V,  and  fig.  2,  PI.  VI, 
Monograph  XX.)  The  largest  feldspars  have  quite  irregular  outlines 
and  abundant  narrow  striae;  the  medium-sized  ones  have  sharp  crystal 
outlines  and  fewer  broader  strio^.  Most  individuals  are  also  twinned 
in  two  parts  alter  the  Carlsbad  law  (fig.  7,  PI,  III,  Monograph  XX), 
and  freqiieutly  several  have  grown  together  in  parallel  orientation  (fig. 
2,  PI.  VI,  Monograph  XX).  Most  of  the  feldspar  phenocrysts  are 
labradorite  or  audesine;  the  microlites  are  probably  oligoclase.  The 
precise  character  of  the  grains  in  the  groundmass  is  indeterminable; 
they  may  be  in  part  orthoclase.  The  phenocrysts  bear  colorless  glass 
inclusions  and  sometimes  clouds  and  streaks  of  dust-like  particles, 
besides  occasional  minute  a])atite8  and  zircons. 

The  hornblende  phenocrysts,  which  are  recognized  by  their  crystal 
form  and  characteristic  six-sided  cross  section,  are  seen  in  thin  section 
to  be  wholly  decomposed.  The  opaque  black  border  remains,  but  the 
interior  of  the  crystal,  when  not  lost  during  the  process  of  grinding  the 
section,  is  altered  to  a  finely  fibrous,  yellowish-green  mineral  having 
the  optical  properties  of  amphibole  (uctinolite).  Its  fibers  start  from 
transverse  fissures  and  run  parallel  to  the  c  axis  of  the  original  crystal 
for  a  short  distance.  They  form  a  network,  the  meshes  of  which  are 
filled  with  a  colorless  substance,  probably  opal.  There  are  sometimes 
opaque  and  also  transparent  globulites,  besides  ferrite  and  hematite. 
In  some  cases  the  decomposed  hornblende  is  replaced  by  calcite,  and 
in  others  by  chlorite. 

Biotite  occurs  in  fewer  and  larger  crystals,  tabular  and  six-sided  in 
form,  and  often  quite  thick.  The  crystals  are  frequently  twinned 
pai-allel  to  ooP  (110),  with  O  P  (001)  as  the  composition  plane,  the  com- 
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mon  law.  Absorption  strong;  pleochroism  marked,  sections  parallel 
to  the  base  being  brownish  red,  those  inclined  to  it,  orauge,  yellow,  or 
green.  Optic  angle  small.  There  are  sometimes  opaque,  needle-like, 
possibly  tabular  inclusions  arranged  parallel  to  the  six  sides  of  the 
mica  plates;  also  apatite  and  zircon  inclosures.  In  some  cases  crystals 
of  plagioclase  are  inclosed  in  the  phenocrysts  of  biotite,  and  occasional 
intergrowths  of  these  two  minerals  prove  their  crystallization  to  have 
been  synchronous.  It  should  be  noted  that  the  biotite  is  almost  per- 
fectly fresh,  while  the  hornblende  is  completely  altered. 

Quartz  occurs  in  sporadic  phenocrysts,  rounded  and  often  greatly 
corroded  and  cracked.  Its  substance  is  very  pure  and  free  from  inclu- 
sions. Microscopic  quartz  grains  form  a  constituent  of  the  ground- 
mass.  Magnetite  occurs  in  grains  among  the  phenocrysts  and  as  a 
microscopic  constituent  of  the  groundmass.  Apatite  is  well  develo])ed 
in  small  crystals,  dusted  red  and  orange,  with  noticeable  absor])ti(>n 
parallel  to  the  c  axis.  It  contains  in  some  instances  glass  inclusions 
in  negative  crystal  cavities  (figs.  1,  4,  6,  PI.  Ill,  Monograph  XX). 
Zircon  is  a  constant  ingredient  in  small  quantities. 

The  chemical  composition,  determined  by  1{.  W.  Mahon,  is  as  follows: 

Analyns  of  hornbUmde-mica'andeHte  from  Hoosac  Mountain f  Nevada, 


For  further  details,  see  Monographs  United  States  Geological  Survey, 
Vol.  XX,  Geology  of  Eureka  District,  Nevada,  pp.  233,  264, 3t>4,  et  »eq. 


No.  84.  Hornblende- ANDESiTE. 

(From  Black  Buttk   at  Wksi'ekn  Bask  of  Mount  Shasta,  Califorxia. 

Described  by  J.  S.  Diller.) 

Andesites  are  lavas  of  intermediate  chemical  composition  and  are 
distinguished  from  the  rhyolites  and  trachytes  on  the  one  hand  and 
basalts  on  the  other  by  the  predominance  of  the  soda-lime  feldspar. 

They  are  commonly  divided  into  hornblendeandesites,  micaandesites, 
augite-andesites,  and  hypersthene-andesites^  acc/otdi\i^  V^  \Xv^  V^v^^\kv- 
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nating  ferromagnesian  silicate.    Hombleode-andesite  is  one  in  which 
the  characterizing  ferromagnesian  silicate  is  hornblende. 

Mount  Shasta,^  California,  during  the  latter  part  of  the  Tertiary 
period  was  an  active  volcano,  and  among  the  earlier  lavas  of  its  western 
slope  homblende-andesite  plays  an  important  role.  The  later  lavas  are 
hypersthene-andesites  (specimen  No.  87)  and  basalts.  Where  unaltered 
the  horublende-andesite  is  composed  chiefly  of  a  compact,  light-gray 
groundmass,  in  which  are  sprinkled  prominent  crystals  of  black  horn- 
blende. Upon  the  surface  the  rock  is  usually  altered  and  becomes  red- 
dish, owing  to  the  liberation  of  oxide  of  iron  in  the  process  of  alteration. 
It  is  a  uniformly  dense  lava  without  any  of  the  vesicular  structure 
common  to  basaltic  rocks  of  the  same  region. 

Under  the  microscope  it  is  seen  that  the  gray  groundmass  contains 
small  phenocrysts  of  feldspar  which  can  not  be  readily  detected  in  a 
hand  specimen.  They  are  all  banded,  and  their  angles  of  extinction 
indicate  that  they  are  anorthite  and  labradorite.  In  form  they  are 
commonly  irregular  but  sometimes  idiomorphic  and  nearly  as  broad  as 
long.  Their  well-marked  zonal  stracture  affords  an  opportunity  to 
observe  the  wide  difference  in  angle  of  extinction  between  the  outer 
and  inner  zones,  a  difference  which  is  usually  assumed  to  indicate  that 
the  central  portion  of  the  crystal  is  more  basic  than  the  outer  zones. 
It  may  be  sometimes  observed,  however,  that  the  center  and  outer 
zones  have  the  same  angle  of  extinction,  while  the  intermediate  ones 
have  a  much  larger  angle. 

The  hornblende  phenocrysts  are  larger  than  those  of  feldspar.  They 
are  usually  deep  brown,  strongly  dichroic,  and  surrounded  by  dark  gray 
or  black  borders.  Where  the  border  can  be  resolved  it  is  found  to  be 
composed  chiefly  of  augite  and  magnetite,  which  originated  in  the 
caustic  action  of  the  magma  upon  the  hornblende  at  the  time  of  the 
eruption. 

The  groundmass  is  a  mat  of  microlites.  It  is  composed  chiefly  of 
lath-shaped  crystals  or  irregular  grains  of  feldspar,  with  a  smaller  pro- 
portion of  hypersthene,  magnetite,  and  amorphous  substance.  The 
feldspars,  many  of  which  are  very  minute,  have  the  small  angle  of 
extinction  which  belongs  to  andesine.  They  are  occasionally  arranged 
in  streams  about  the  older  crystals  of  feldspar  and  hornblende.  The 
minute  slender  crystals  of  hypersthene  in  the  fresh  rock  are  incon- 
spicuous. They  are  scarcely  pleochroic,  between  yellowish  and  green- 
ish. When  the  rock  begins  to  alter  they  become  yellowish  red  and 
impart  color  to  the  whole  mass. 

Hornblende-andesite  from  Black  Butte,  at  the  western  base  of  Mount 
Shasta,  contains  among  its  phenocrysts  neither  mica  nor  pyroxene,  and 
is  a  good  type.  Such  forms,  however,  are  rather  exceptional,  for  the 
most  common  phase  of  hornblende-andesite,  even  in  that  region,  con- 


■Moant  Shasta  a  Typical  Volcano,  by  J.  S.  Diller:   Nat.  Geog.  Monograph  Xo.  8.     Published 
■Oder  the  auspices  of  the  National  Oeograpbic  Society  by  the  American  Book  Company. 
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tains  phenocrystic  h3rpersthene,  but  it  is  always  less  conspicnoas  than 
the  hornblende.  Angite,  which  is  common  in  hornbleude-andesites  in 
many  regions,  is  rarely  if  ever  present  in  those  of  Mount  Shasta.  The 
same  is  true  of  mica.  The  groundmass,  too,  varies  greatly;  on  the  one 
hand  it  may  be  holocrystalline  and  on  the  other  may  contain  an  abun- 
dance of  brown,  glassy  base,  forming  the  principal  constituent  of  the 
groundmass.  Generally,  however,  there  is  only  a  trace  of  clear,  vitre- 
ous base  present.  In  general  habit,  as  well  as  in  chemical  composi- 
tion, the  hornblende-andesite  of  Mount  Shasta  is  related  to  the  tra- 
chytes, and  on  this  account^  Bosenbusch  classifies  them  as  trachytoid 
hornblende-andesites. 

The  following  chemical  analysis  of  specimen  No.  84  was  made  by 
W.  H.MelviUe: 

Analjfiis  of  homblende-ande9ite  from  western  base  of  Mount  ShoHta,  California, 


LoM  on  igDition 

SiO, 

AlfO, 

Fe,0, 

FeO 

CaO 

MgO 

K,0 

N-,0 


Per  oeDt. 


0.06 
64.48 
10.28 

1.40 

1.78 

5.06    I 

1.64    i 

1.12    ; 

4.41 


Total 


90.23 


No.  85.   HOBNBLENDE-PYBOXENEANDESITE. 


(From   near  the   Comstock   Lodk,  Virginia  City,   Nevada.     Described  by 

j.  p.  iddings.) 

This  rock,  like  the  pyroxeneandesite  from  Virginia  City,  Nevada 
(specimen  No.  88),  forms  massive  volcanic  lavas  whose  occurrence  has 
been  described  by  the  authors  mentioned  in  connection  with  the 
description  of  that  rock  (q.  v.).  It  is  dense  and  dark  gray,  with  a 
rough  fracture,  an  aphauitic  grouiidmass  carrying  numerous  small 
crystals  of  feldspar  with  brilliant  cleavage  planes.  In  thin  sections  it 
is  seen  to  be  partly  altered,  the  ferromagnesian  minerals,  hornblende 
and  pyroxene,  being  almost  wholly  chauged. 

It  consists  of  a  holocrystalline  groundmass  with  abundant  pheno- 
crysts  of  plagioclase  and  few  of  altered  ferromagnesian  minerals.  The 
plagioclase  phenocrysts  are  fresh  and  unaltered,  and  exhibit  zonal 
structure  and  polysynthetic  twining  according  to  the  albite  law,  besides 
Carlsbad  twinning.  The  symmetrical  extinction  angles  are  those  of 
labradorite.    The  inclusions  are  minute  rectangular  glass  ones,  in  some 


■Ifikroakopiache  Physiogniphie,  3d  edition,  1806,  Vol.  II,  p.  888.    See  alto  paper  by  llague  and 
Iddings,  Am.  Jour.  Sol.,  Sept.,  1883,  Vol  XXVI,  pp.  222-235. 
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cases  devitrified,  and  opaqae  grains  and  crystals,  besides  colorless 
apatite  prisms.  There  is  also  included  in  some  cases  a  highly  doubly 
refracting  mineral  in  flakes  and  films,  which  is  possibly  calcite.  There 
are  occasional  rounded  grains  which  are  probably  angite,  and  opaque 
magnetite  grains. 

Hornblende,  which  can  be  recognized  by  its  forms  in  cross  section, 
is  altered  to  an  aggregation  of  opaque  grains  (magnetite),  and  color- 
less mica  (muscovite),  and  yellow,  strongly  refracting  grains  (epidote), 
green  chlorite,  and  calcite.  In  some  cases  the  hornblende  is  largely 
replaced  by  calcite.  These  pseudomorphous  aggregations  sometimes 
inclose  small  plagiocla«e  feldspars  and  apatites, which  were  undoubtedly 
originally  inclosed  in  the  hornblende.  Pyroxene,  which  is  recognized 
by  the  shapes  of  its  sections,  is  altered  to  chlorite  with  seams  of  calcite 
and  some  quartz  and  numerous  grains  of  magnetite,  which  latter  min- 
eral may  have  been  originally  inclosed  in  the  pyroxene.  Epidote  also 
occurs  in  these  pseudomorphs.  The  chlorite  is  quite  uniformly  oriented 
and  sometimes  exhibits  marked  fibration  and  cleavage,  like  that  of 
bastite.  It  is  somewhat  pleochroic,  being  green  parallel  to  the  fibers, 
and  yellow  for  light  vibrating  at  right  angles  to  them.  A  few  small 
phenocrysts  of  unaltered  pale-green  augite  were  found  in  the  thin 
sections  of  this  rock.  One  showed  the  customary  twinning  parallel  to 
the  orthopinacoid  (100). 

Microscopic  phenocrysts  of  magnetite  and  apatite  occur  associated 
together  in  groups.  The  apatite  is  in  the  stout,  colorless  prisms  usually 
found  in  andesites. 

The  groundmass  is  holocrystalline,  both  microcrystalline  granular 
and  microlitic.  It  consists  of  micropoikilitic  quartz,  feldsp:ir  microlites, 
and  magnetite  grains,  besides  chlorite  and  some  otlier  secondary  min- 
erals. The  micropoikilitic  quartz  is  primary,  having  formed  as  the  last 
act  of  crystallization  of  the  molten  magma.  The  microscopic  anliedrons 
of  quartz  inclosi^  microlites  of  feldspar  and  other  minerals.  The  larger 
microscopic  feldspars  are  lath-shaped  plagioclases.  The  magnetite 
grains  and  crystals  are  abundant.  There  are  scattered  through  the 
groundmass  small  patches  of  calcite  and  aggregations  of  secondary 
quartz,  in  which  the  calcite  occurs  as  minute  rhombohedrons.  Chlorite 
forms  pseudomorphs  after  microscopic  pyroxenes,  and  also  occurs  in 
spherical  aggregates.^ 

No.  86.  Hypersthene-andesite. 

(From   Northeast   Smoulder   of   Buffalo   Peak,  Park   County,  Colorado. 

Described  by  Whitman  Cross.) 

Occurrence. — Buffalo  Peak  (elevation,  13,541  feet)  lies  between  South 
Park  and  the  Arkansas  Kiver,  a  little  southeast  of  the  south  end  of 
the  Mosquito  Eaiige. 


^Further  information  ooucerning  this  rock  may  be  found  in  Mon.  U.  8.  Gc>ol.  Siirvoy,  VoL  III, 
pp.  53-62,  and  Bull.  U.  S,  Geol  Surrey  No.  17,  pp.  2i  and  23. 
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It  is  a  doable  pointed  inoantain  whose  base  consists  of  easterly  dip- 
ping Garboniferoas  strata,  while  the  apper  part  is  made  up  of  horizontal 
beds  of  andesitic  tuff,  capped  by  andesitic  lava  flows.  The  sammit 
sheet  is  a  homblendeandesite  containing  some  hypersthene,  and  the 
northeastern  shoulder  is  made  up  chiefly  of  the  dark  hypersthene- 
andesite  of  this  collection.  The  geology  of  the  region  has  not  been 
worked  oat  in  detail,  but  the  mountain  was  visited  in  the  summer  of 
1880  by  members  of  the  Rocky  Mountain  Division  of  the  Survey,  then 
engaged  in  the  study  of  the  adjacent  Mosquito  Kange. 

General  description. — ^This  hyperstheiieandesite  is  a  dark,  almost 
black,  rock,  exhibiting  to  the  eye  many  very  small  white  feldspar  crys- 
tals embedded  in  a  black  groundmass  having  a  dull  vitreous  luster. 
On  careful  examination  a  number  of  dull  green  grains  and  small  jirisms 
may  be  distinguished,  which  the  microscope  shows  to  be  hypersthene 
or  augite.    Glistening  particles  of  magnetite  may  also  be  detected. 

The  rock  varies  somewhat  in  texture,  but  the  specimens  collected 
show  a  large  number  of  the  white  or  clear  glassy  feldspar  phenocrysts 
which  the  microscope  proves  to  be  labradorite.  In  other  parts  of  the 
mass  the  groundmass  is  more  prominent  and  more  clearly  vitreous. 

The  phenocrysts. — Microscopical  examination  reveals  a  lime- soda  feld- 
spar, hypersthene,  augite,  and  magnetite  as  very  distinct  phenocrysts, 
in  a  groundmass  which  has  a  glassy  base  holding  numerous  augite  and 
plagioclase  microlites  and  magnetite  particles.  The  phenocrysts  equal 
or  exceed  the  groundmass  in  quantity.  All  are  very  small,  few  sur- 
passing 2"'°'  in  diameter. 

Plagioclase  is  probably  developed  in  several  varieties,  but  the  chief 
one  is  certainly  labradorite.  The  crystals  vary  much  in  size  and  form, 
in  number  and  character  of  inclusions,  and  in  twinning.  The  larger 
crystals  are  usually  clouded  by  many  original  brown  glass  inclusions, 
now  often  devitrified,  and  obscured  by  an  opaque  ferritic  dust.  These 
inclusions  are  often  connected  and  occupy  more  than  half  the  space  of 
the  crystal.  Zonal  extinction  is  almost  universal  in  the  plagioclase, 
but  does  not  always  represent  great  difference  in  optical  character. 
Various  twinning  laws  have  been  noted,  the  common  albitic  law  being 
accompanied  by  the  Carlsbad,  pericline,  and  other  laws  not  determined. 

A  gradation  in  size  occurs  between  the  largest  i>henocry8t8  and  the 
groundmass  microlites,  and  these  intermediate  crystals  usually  carry 
few  inclasions. 

Both  hypersthene  and  augite  are  present,  as  phenocrysts  of  very 
similar  development,  but  hypersthene  greatly  predominates.  The 
pyroxenes  occur  in  prisms  usually  two  or  three  times  as  long  as  they 
are  thick,  but  of  variable  size.  The  largest  are,  however,  only  .5  or 
4mm  i^  length. 

The  hyi>er8thene  of  this  rock  has  been  determined  chemically  and 
optically,  and  it  is  typical  of  the  hypersthene  now  known  to  bo  a  very 
firequent  constituent  of  basic  andesites  the  world  over.    The  pleockc^^v^'OBw 
Bull.  150 15 
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of  the  hyx)ersthene,  while  not  very  BtroDg,  is  sufficient  to  distiDgnish  it 
from  augite,  aud  the  parallel  extinction  of  the  orthorhoiobic  prisms  is 
also  a  very  commonly  applicable  test.  The  augite  is  pale  green  in  thin 
sections  and  not  visibly  pleochroic.  The  hypersthene  gives  a  =  a  red- 
dish brown,  b  =  h  reddish  yellow,  c  =  c  green,  almost  identical  with 
that  of  the  augite.  In  the  thicker  prisms  the  colors  are  quite  strong. 
Cleavage  is  ordinarily  not  very  markedly  developed  parallel  to  either 
pinacoid  of  the  hypersthene.  Sections  parallel  to  the  macropinacoid 
show  that  a  is  the  acute  bisectrix,  but  the  optic  angle  is  not  very  small. 
The  hypersthene  of  the  first  specimen  of  this  andesite  collected  at 
Buffalo  Peak  was  isolated  from  the  augite  by  Dr.  Hillebrand  through 
continued  treatment  of  the  rock  powder  with  strong  hydrofluoric  acid, 
which  attacks  augite  much  easier  than  hypersthene.  The  purest  mate- 
rial isolated  was  found  on  microscopical  examination  to  be  almost  free 
from  augite,  and  the  analysis  yielded  Dr.  Hillebrand  the  following 
result: 

Analysis  of  hypersthene  of  hypersthene-andesite  from  Buffalo  Peak,  Colorado, 


Per  cent.  > 


Total I    100. 03 


This  analysis,  made  in  1882,  is  very  similar  to  many  that  have  been 
made  since  that  time  of  hypersthene  from  other  rocks.  It  appears  that 
andesitic  hypersthene  commonly  contains  magnesia  and  ferrous  oxide 
in  nearly  equal  amounts,  but  varieties  richer  in  magnesia  certainly 
occur  in  some  cases. 

The  larger  magnetite  grains  are  to  be  considered  as  phenocrysts. 
They  are  frequently  included  in  the  pyroxenes,  which  are  free  from  the 
more  minute  specks  of  iron  ore  characterizing  the  groundmass. 

The  groundmass  consists  of  an  almost  colorless  glass  base,  appearing 
brownish  by  low  powers  through  globulitic  specks,  holding  numerous 
short  microlites  of  plagioclase  and  augite,  and  very  minute  magnetite 
grains.  No  hypersthene  could  be  found  among  the  minute  prisms  of 
the  groundmass. 
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Chemical  (H>mpo8ition. — The  following  analysis  of  the  fresh  rock  was 
made  by  W.  F.  Hillebrand : 

Analysis  of  hypcrtthene-andesite  from  Buffalo  Peak,  Colorado, 
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Fe,0, 

FeO 

MnO 

CaO 

BaO 

SrO. 

MgO 
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CI  ... 


16.12 
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4.43 
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trace 

trace 
4.60 
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2.37 
1.03 
.27 
.02 


Total 

Sp.  gr.  at  160  C,  2.742. 


00.91 


The  percentages  of  lime  and  magnesia  explain  the  development  of 
hypersthene.  The  potash  is  so  high  as  to  indicate  that  if  the  rock  had 
completely  crystallized  there  mast  have  been  a  considerable  amount  of 
orthoclase  in  the  groiindmass,  as  this  alkali  does  not  normally  enter 
into  any  of  the  phenocrystic  minerals. 

Literature. — An  outline  of  the  geology  of  Buffalo  Peaks  and  descrip- 
tions of  the  hyperstheneandesite  were  given  in  Bulletin  No.  1,  United 
States  Geological  Survey,  On  Hypersthene-andesite  and  on  Triclinic 
Pyroxene  in  Augitic  Bocks,  by  Whitman  Cross,  with  a  geological  sketch 
of  Buffalo  Peaks,  Colorado,  by  S.  F.  Emmons,  1883.  The  "triclinic'' 
pyroxene  referred  to  was  augite,  cut  in  sections  nearly  normal  to  the 
prism,  and  the  erroneous  determination  was  retracted  in  a  note  in  the 
American  Journal  of  Science,  3d  ser..  Vol.  XXVI,  1883,  p.  76. 

No.  87.  Hypersthene-andesite. 

(From  West  Slope  of  Mount  Shasta,  California.    Described  by  J.  8.  Diller.) 

The  later  lavas  of  Mount  Shasta  are  chietiy  hypersthene-andesite, 
and  this  specimen,  No.  87,  collected  at  Horse  Camp,  near  the  timber  line, 
upon  the  western  slope  of  Mount  Shasta,  represents  one  of  the  earlier 
of  the  late  flows.  The  final  flows  upon  the  same  slope  are  much  darker 
colored  and  more  basaltic  in  appearance. 

The  lava  illustrated  by  specimen  87  is  a  compact,  even-grained  non- 
porphyritic  rock,  of  a  light- gray  color,  and  contains  only  a  few  small 
crystals  of  pyroxene,  which  are  visible  to  the  naked  eye. 

In  thin  sectioui  however,  it  becomes  conspicuously  porphyritic^  q& 
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illustrated  in  PI.  XXXI  I,  where  the  namerouR  sqaare  and  brick -shaped 
crystals  of  feldspar  and  grains  of  hyperstheue  are  seen  dutribated 
through  a  light-gray  groundinass. 

The  feldspar  is  clear  and  colorless,  showing  polysynthetic  twinning 
and  zones  of  growth.  It  is  all  plagioclase,  nppareiitly,  and  the  angle  of 
extinction,  as  well  as  its  composition,  judging  from  the  chemical  analyses 
below,  indicates  that  it  is  labradorite. 

The  chemical  analyses  were  made  by  W.  H.  Melville.  For  the  par- 
pose  of  coniparisoo,  a  chemical  analysis  of  the  later,  dark-colored,  more 
basaltic  flow  is  given.  In  column  I  is  an  analysis  of  specimen  87,  and 
in  II  is  an  analysis  of  a  specimen  taken  from  the  latest  flow.^ 

Analyses  of  hypersthene-andente  from  Mount  Shaita,  California. 
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Hyperstheue  occurs  in  irregular  grains  and  oblong  crystals,  like 
those  in  the  hypersthene-andesite  on  Buffalo  Peak,  Colorado.  As  it  is 
sometimes  included  in  the  feldspar,  some  of  the  hyperstheue  mast  have 
crystallized  before  the  feldspar.  Occasionally  dark  spots  are  found 
to  be  composed  chiefly  of  magnetite  and  pyroxene,  and  suggest  the 
former  presence  of  hornblende. 

The  ground  mass  contains  much  glass,  clouded  by  a  multitude  of 
feldspar  microlites  and  minute  grains  of  pyroxene  and  magnetite. 

No.  88.  OLIV1NEBEA.EING  PYROXENB-ANDBSITB. 

(Fkom  near  thk  Comstock  Lode,   Virginia   City,  Nevada.     Dkscribbd   by 

J.  P.  Iddings.) 

This  rock  forms  a  massive  lava  in  the  neighborhood  of  the  Comstock 
Lode,  Virginia  City,  Nevada.  The  rocks  of  this  region  have  been 
described  by  Mr.  George  F.  Becker,*  Prof.  F.  Zirkel,'  and  Messrs. 
Hague  and  Iddings.  *  They  form  a  great  series  of  volcanic  eruptions, 
the  history  of  which  has  been  variously  given  by  the  authors  quoted. 
The  pyroxeneaudesite  in  this  educational  series  is  one  of  these  volcanic 
lavas. 


■  i>ee  also  Hague  and  Iddings  paper  in  Am.  Joor.  Soi.,  3d  ser.,  Vol.  XXVI,  Sept.,  1888, pp.! 
»(t.  F.  Becker,  Geology  of  tbe  Comstock  Lode. etc.:  Mon.  U.  S.  Geol.  Survey,  Vol. Ill,  1882. 
'KZirkel,  Microscopical  Petrography:  U.  S.  Geol.  Expl.  Fortieth  Parallel  Vol  VI,  1878. 
^A..  Hague  and  J.  P.  Iddings,  The  Development  of  CTyftt8i\\VtAX\oxiVn.\\x«  Ic^AOOS  Books  of  Washoe, 
Kevada,  etc. :  Bull  U.  S.  Geol.  Sarvey  No.  17, 1885. 
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The  rock  is  dense  and  grayish  black,  with  an  uneven  fractare.  It 
sparkles  with  minute  crystals  that  crowd  a  dark  aphanitic  gronndmass. 
The  megascopic  crystals  are  feldspars  with  brilliant  cleavage  faces, 
and  dark-colored  minerals,  more  or  less  brilliant,  which  are  pyroxenes. 
The  mineral  composition  of  the  rock,  however,  can  be  discovered  only 
in  thin  sections  with  the  aid  of  the  microscope.  The  rock  is  then  seen 
to  consist  of  a  brown,  glassy,  and  microlitic  gronndmass,  bearing  inna- 
merable  small  phenocrysts  of  plagioclase  feldspar,  hypersthene,augite, 
altered  olivine,  and  a  few  anhedrons  of  quartz. 

Ihe  phenocrysts  of  feldspar  exhibit  marked  zonal  structure  and 
polysynthetic  twinning  according  to  albite,  pericline,  and  Carlsbad 
laws.  Cross  sections  are  rectangular,  and  also  show  evidences  of  pris- 
matic and  domal  faces.  The  symmetrical  extinction  angles  read  from 
Carlsbad  and  albite  twins,  and,  interpreted  according  to  the  method 
employed  by  Micbel  Ldvy,^  show  that  the  feldspars  are  labradorite  of 
about  the  composition  AbsAus.  The  feldspar  is  perfectly  fresh,  and 
carries  fine  glass  inclusions,  besides  others  of  magnetite,  rounded  grains 
of  pyroxene  (both  augite  and  hypersthene),  apatite,  and  portions  of 
the  gronndmass.  There  are  also  minute  rectangular  inclusions,  with 
clear,  colorless  margins  and  dusted  centers.  They  have  one  orientation 
in  one  feldspar,  and  ore  apparently  parallel  to  the  crystallographic 
nxes.  Some  are  comparatively  large,  others  very  minute.  In  some 
trases  they  appear  isotropic,  in  others  doubly  refracting,  and  resemble 
feldspar. 

In  one  feldspar  crystal  there  was  observed  a  large  inclusion  of  brown 
globulitic  glass,  containing  curved  lines  of  opaque  grains  and  rods 
that  stand  at  right  angles  to  the  lines  of  opaque  grains.  In  some  cases 
these  cross  rods  appear  to  be  transparent  prisms,  probably  pyroxene. 
These  appear  to  be  connected  with  hair-like  needles  of  pyroxene,  and 
larger  needles  of  augite  are  present,  studded  with  similar  opaque  rods 
and  grains,  and  also  with  crystals  of  magnetite.  The  glass  base  imme- 
diately surrounding  these  black  grains  is  colorless  for  a  short  distance, 
the  brown  coloring  matter  having  been  concentrated  in  the  augite 
needles  and  opaque  grains.  Along  the  margin  of  the  feldspar  sur- 
rounding the  brown  glass  inclusion  are  projecting  crystals  of  feldspar, 
like  the  teeth  of  a  saw.  They  have  lower  refraction  than  the  main 
crystal  of  feldspac,  and  also  lower  angle  of  extinction,  so  that  they  are 
undoubtedly  more  alkaline,  and  may  be  of  the  same  substance  as  the 
minute  rectangular  inclusions  which  have  just  been  mentioned,  which 
are  sometimes  doubly  refracting. 

The  pyroxene  is  hypersthene  and  augite  in  nearly  equal  proportions, 
with  possibly  more  augite  than  hypersthene.  The  two  minerals  appear 
alnlo^(t  identiciil  in  thin  sections,  and  are  easily  confused  with  one 
another.  The  hypersthene  has  slight  pleochroism  between  reddish  and 
greenish,  while  the  augite  is  not  pleochroic  and  is  pale  green.  The 
characteristic  prismatic  and  piuacoidal  cleavage  is  less  well  developed 

>▲.  If  iehd  I4ry,  ttudB  »ur  la  cl^tannlnation  de^  foUUpathm  ^kq^Im  v^MVQA"^'°^^'^V^>:(^^^^^^^* 
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in  the  byperstliene  than  in  the  aagite.  Genial  form,  twinning,  and 
inclasions  are  similar  in  both  pyroxenes.  The  optical  properties  in  one 
case  are  those  of  orthorhombic  crystals,  in  the  other  those  of  mono- 
clinic  crystals. 

The  crystals  are  more  or  less  idiomorphic,  stout  prisms,  with  the  two 
pinacoids  and  unit  prism  in  the  prismatic  zone,  and  terminal  fEices  not 
readily  recognizable.  Cross  sections  show  the  characteristic  S-sided 
oatline  of  pyroxene  crystals.  Twinning,  in  which  the  orthopinacoid  or 
the  macropinacoid  is  the  twinning  plane,  is  common  in  both  pyroxenes. 

Inclusions  of  magnetite  are  often  observed,  and  also  those  of  feldspar, 
apatite,  and  of  glass  in  negative  crystal  cavities  or  in  irregularly 
shaped  cavities.  They  frequently  carry  a  gas  bubble.  In  some  crys- 
tals they  are  numerous,  and  often  they  are  very  minute. 

In  certain  spots  in  the  rock  are  clusters  of  crystals  of  labradorite 
and  pyroxene  with  magnetite  and  some  interstitial  brown,  globnlitic, 
and  trichitic  glass. 

Serpentine  derived  from  the  alteration  of  olivine  occurs  in  pseudo- 
morphs  having  the  shape  of  sections  of  olivine,  usually  4  or  6  sided, 
with  orthorhombic  symmetry.  The  pseudomorph  is  surrounded  by  a 
narrow  border  of  augite  grains.  The  serpentine  is  green  in  some  cases 
and  brown  in  others.  The  amount  of  olivine  originally  present  was 
not  great,  so  that  the  rock  may  be  classed  with  the  andesites  rather 
than  with  the  basalts. 

Magnetite  occurs  in  comparatively  large  grains  or  anhedrons,  some- 
what irregularly  shaped.  In  some  cases  the  magnetite  partly  incloses 
pyroxene.    It  is  freciuently  inclosed  by  the  pyroxene. 

There  are  relatively  few  crystals  of  apatite  in  stout  prisms,  which 
are  comparatively  large.  They  have  the  usual  hexagonal  forms,  and 
are  often  dusted  and  slightly  pleochroic,  between  brown  and  dark  sepia, 
B>0.  In  some  crystals  there  are  minute  opaque  needles  lying  parallel 
to  the  prismatic  axis  c. 

In  one  thin  section  studied,  there  is  a  rounded  iuihedron  of  quartz 
containing  colorless  glass  inclusions  with  gas  bubbles,  and  in  one  case 
what  api>ear8  to  be  a  colorless  crystal  with  rhombic  outline.  The 
quartz  is  surrounded  by  brown  glass  and  a  shell  of  pyroxene  crystals. 

The  groundnmss  is  a  fine  example  of  glassy  andesitic  ground- 
masses.  It  consists  of  brown  glass  full  of  stout  microlites  of  pyrox- 
ene, probably  monoclinic  for  the  most  part,  and  those  of  lath-shaped 
feldspar,  together  with  grains  of  magnetite.  These  are  not  mingled 
with  complete  uniformity  throughout  the  rock  sections  examined, 
there  being  spots  which  are  mostly  glass  and  others  mostly  crystals. 
The  lath-shaped  feldspars  are  plagioclase,  whose  exact  position  in  the 
albite-anorthite  scale  has  not  been  determined.  Besides  these  micro- 
lites, there  are  small  rectangular  and  lath-shaped  feldspars  with  large 
^tinction  angle,  probably  labradorite,  and  small  anhedrons  and  prisms 
■I  pyroxene  and  crystals  of  magnetite.    These  are  slightly  larger  than 
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tlie  smallest  microlites  of  the  groundmass,  bat  are  still  microscopic 
unci  may  be  classed  as  microlites. 

No.  89.  HOBNBLENDE-DIOBITE-POBPHTBY. 

(From  South  Side  of  Buckskin  Gulch,  2i  Miles  above  Aliaa,  Mosquito 
Range,  Park  County,  Colorado.    Described  by  Whitman  Cross.) 

Occurrence, — This  rock  occurs  as  an  intrusive  sheet  in  Silarian  strata. 
Near  the  point  of  collection  the  sheet  is  20  feet  or  less  in  thickness  and 
it  has  been  traced  for  several  miles  with  no  great  increase  at  any  point, 
although  often  less  than  20  feet  thick  on  account  of  splitting  into  two 
or  more  parallel  sheets.  While  following  the  same  horizon  for  long 
distances,  the  rock  locally  cuts  obliquely  to  slightly  higher  or  lower 
planes  of  stratification,  and  in  the  cliff  sections  of  the  gulches  it  is  not 
always  continuous. 

The  rock  maintains  the  structure  and  texture  of  the  specimens  in 
this  collection  except  in  narrow  contact  zones,  where  it  is  finer  grained. 

General  description. — The  freshest  rock  obtainable  has  a  general 
greenish-gray  tone,  and  consists  of  numerous  phenocrysts  of  plagioclase 
and  hornblende  lying  in  a  somewhat  subordinate  tine-grained,  greenish 
groundmass.  The  phenocrysts  vary  in  size,  but  seldom  if  ever  reach 
a  diameter  of  1  centimeter.  Pinkish  crystals  of  orthoclase  are  usually 
developed  in  very  small  numbers,  and  biotite  may  occasionally  be  dis- 
tinguished, though  commonly  altered  to  chlorite  or  epidote. 

Microscopical  examination  shows  the  gronndmass  to  consist  of  ortho- 
clase, hornblende,  and  quartz,  with  a  small  quantity  of  plagioclase  and 
magnetite.  The  accessory  constituents,  apatite  and  zircon,  are  present 
as  usual,  with  a  little  titanite,  and,  sporadically,  minute  prisms  of 
allauite,  which  can  not  be  found  in  all  the  thin  sections.  Allanite  was 
not  observed  megascopically. 

The  phenocrysts, — The  abundant  plagioclase  phenocrysts  are  devel- 
oped in  various  forms,  but  chiefly  in  tabular  crystals  parallel  to 
the  brachypinacoid,  often  elongated  somewhat  parallel  to  the  brachy- 
axis  a.  Twinning  is  common  according  to  the  albite,  Carlsbad,  and 
])ericliiie  laws,  and  all  three  are  often  combined.  Zonal  structure  indi- 
cating change  in  composition  during  crystallization  is  freciueutly  very 
plain,  but  the  variation  in  extinction  between  center  and  x^^ripbery  is 
not  great.  Primary  inclusions  are  few,  apatite  and  magnetite  being 
most  common. 

Optical  examination  shows  that  Jabradorite  is  the  predominant 
member  of  the  series  here  developed.  The  maximum  of  extinction 
noted  is  about  30°,  and  in  crystals  combining  albite  and  Carlsbad  laws 
of  twinning  the  extinctions  in  the  zone  normal  to  the  lamellae  indicate 
labradorite  of  the  composition  1  albite  +  1  anorthite  to  be  most  com- 
mon. Some  andesine  is  thought  to  be  present  in  crystals  characterized 
by  very  fine  albitic  twinning. 

The  hornblende  is  the  common  green  variety,  witlv  \ik^Yvsv^V\\<^sivi>K^^v^^a. 
and  oxtinction.    Its  crystals  are  usuaWy  >NftW  \.et\»\\i«kXfc^V3  "^^  ^i.'«'B^- 
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mon  pyramid  and  dome  faces.  There  is  no  resorption,  and  alteration 
to  chlorite  has  begun  exterually  and  on  many  cleavage  fissures.  The 
phenocrysts  vary  in  size  and  seem  to  grade  rapidly  downward  to  the 
needles  of  the  groundmass,  which  have  the  same  characteristics  of 
color  and  form. 

Biotite  has  not  been  seen  in  fresh  condition,  but  stout  prisms 
believed  to  represent  this  mineral,  now  entirely  altered  to  chlorite  and 
epidote,  may  be  found  in  nearly  all  sections. 

The  few  orthoclase  crystals  are  clinopinacoidal  tablets,  usually  of 
irregular  boundary,  including  small  plagioclase  crystals.  This  is 
regarded  as  an  exceptional  development  of  orthoclase  during  the  gen- 
eral groundmass  period. 

Groundmass, — 'J'he  groundmass  is  a  distinctly  granular  mixture  of 
predominant  orthoclase  with  abundant  hornblende  needles,  and  some 
quartz  and  idagioclase.  Orthoclase  is  developed  in  irregular  grains, 
plagioclase  in  small,  stout  crystals,  and  quartz  either  in  clear  grains  or 
most  commonly  in  a  cement  for  the  other  constituents,  and  then  u^unlly 
oriented  over  small  areas  so  that  it  practically  iucludes  several  grains 
and  causes  a  rudimentary  micropoikilitic  structure. 

The  hornblende  needles  are  not  very  acicular,  but  they  are  long 
enough  and  numerous  enough  to  express  a  tluidal  structure  had  there 
been  movement  after  their  formation.  As  such  a  structure  is  not 
found,  these  hornblendes  are  considered  as  crystallizing  during  the 
groundmass  period. 

Plagioclase  is  very  subordinate,  and  while  its  small  crystals  prob- 
ably belong  to  oligoclase  or  andesine,  this  has  not  been  proved.  Mag- 
netite seems  to  have  formed  in  two  periods,  a  scanty  dust  through  the 
groundmass  belonging  to  the  later  period. 

Chlorite,  epidote,  calcite,  and  muscovite  are  secondary  products  of 
variable  development  in  the  different  specimens  collected. 

Chemical  composition. — The  average  rock  has  the  composition  of  the 
following  analysis  by  W.  F.  Hillebrand : 

Analysis  of  h  rnhlende-diorite-porphyry  from  Colorado. 


Per  cent 


SiO^ i      56.62 

Al^G, I      16.74 


FeO 

MuO. 

CaO  . 

MgO. 

KjO.. 

NatO. 

H.,0  . 

CO,.. 

P.O.. 


4.94 
3.27 

.15 
7.39 
4.08 
1.97 
8.50 

.02 

1.15 
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Tbo  analysis  agrees  very  well  with  the  mineral  constitation  as  do- 
scribed.  It  is  clear  that  the  plagioclase  must  be  one  containing  much 
lime,  and  the  contents  in  potash  is  safficieut  to  represent  a  considerable 
amount  of  orthoclase  in  the  groundmass.  Galcite  and  chlorite  mast 
have  been  well  developed  in  the  material  analyzed.  It  would  seem  nec- 
essary to  have  some  free  silie*  in  the  rock  in  view  of  the  large  propor- 
tion of  hornblende  and  labradorite. 

Literature. — This  rock  and  its  occurrence,  together  with  the  associ- 
ated eruptives  of  the  Mosquito  Range,  were  described  in  Monograph 
XII,  United  States  Geological  Survey,  Geology  and  Mining  Industry 
of  Leadville,  Colorado,  by  S.  F.  Emmons,  with  Petrograpliical  Appen- 
dix by  W  hitman  Cross ;  1887,  pp.  228-240, 334-340.  The  rock  was  there 
called  hornblende-porphyrite. 

No.  90.  Dacitb-porphyry. 

(From  Clear  Creek,  Shasta  Couxty,  California.    Described  by  J.  P. 

IDD1NG8.) 

This  rock  occurs  in  Smiths  Galch,  Shasta  County,  California.  It  con- 
sists of  a  dense,  greenish- gray,  aphanitic  groundmass,  filled  with  plie- 
nocrysts  of  white  plagioclase  feldspar,  15'""*  long  and  smaller,  and 
numerous  rounded  quartzes,  the  largest  of  which  have  a  diameter  of  7™", 
besides  much  biotite  in  small  crystals,  2''"'  across,  and  numerous  horn- 
blende prisms,  4  or  5™*"  long.  There  are  also  many  very  small  crystals 
of  these  minerals  in  the  groundmass.  Tbe  specimens  collected  are 
probably  not  all  of  the  same  degree  of  freshness,  for  in  the  specimen 
examined  tbe  hornblende  crystals  are  unaltered,  while  in  the  thin  sec* 
ti(ms  prepared  fiom  chips  of  the  same  rock  the  hornblende  is  decom- 
posed. The  rock  i)resents  a  flue  example  of  i>orpliyritic  texture,  which 
is  emphasized  by  the  contrasted  colors  of  the  feldspar  phenocrysts  and 
the  groundmass.  By  porphyritic  texture  is  understood  that  appearance 
which  is  produced  when  the  mass  of  a  rock,  having  any  texture  what- 
ever, is  sprinkled  with  crystals  larger  than  those  constituting  the  main 
mass  of  tbe  rock.  They  usually  stand  out  prominently  in  contrast  to 
the  groundmass. 

In  thin  sections  of  this  dacite-porphyry  the  large  feldspars  are  seen 
to  be  twinned  according  to  the  albite  law,  with  thin  lamelLne,  whose 
symmetrical  extinction  angles  range  from  0°  to  4^,  and  are  undoubtedly 
oligoclase.  Other  modes  of  twinning,  after  pericline  and  Carlsbad  laws, 
are  rarely  seen  in  these  feldspars.  A  zonal  structure,  which  shows 
itself  faintly  between  crossed  nicols,  is  sometimes  observed.  The  crys- 
tals are  idiomorphic,  and  exhibit  outlines  in  cross  section  due  to  the 
faces  commonly  developed  in  the  feldspars  of  similar  rocks,  i.  e.  (001), 
(OLO),  (llo),  (110),  (lOl),  (201),  and  sometimes  other  subordinate  faces. 

In  a  few  cases  the  outlines  of  the  sections  of  feldspar  are  irregular 
and  are  interrupted  by  '4)ays^  of  the  groundmass. 

The  feldspar  is  partly  altered,  and  as  a  cow^^cvxx^Xkfi^S.^  e\»>\x^^^^\^x^ 
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in  places  by  innamerable,  minute,  irregularly  shaped  inclusions,  which 
appear  colorless  in  thin  section  and  have  a  lower  refraction  than  the 
feldspar  substance.  Their  exact  mineral  nature  is  indeterminable. 
These  minute  inclusions  are  sometimes  confined  to  alternate  lamellae 
of  tbe  polysynthetic  twins,  the  intermedite  lamellae  being  free  from 
them.  In  other  cases  they  occur  in  irregularly  shaped  clouds  across 
all  the  twin  lamellae  of  one  crystal. 

Some  of  the  feldspar  phenocrysts  inclose  green  hornblende  and  brown 
biotite with  sphene, zircon, apatite,  and  possibly epidote.  Inoneinstance 
the  biotite  is  the  same  size  as  that  in  the  adjacent  gronndmass  and 
lies  near  the  margin  of  the  feldspar.  The  inclosed  mica  is  parallel  to 
that  in  the  gronndmass,  which  exhibits  a  tluidal  arrangement.  This 
indiciites  that  the  feldspar  phenocrysts  continued  to  grow  after  the 
motion  in  tbe  gronndmass  ceased  without  showing  signs  of  any  break 
or  interruption  in  the  act  of  crystallization.  Hence,  the  growth  of  these 
phenocrysts  probably  took  pisicein  the  molten  magma  at  a  period  imme- 
diately preceding  the  solidification  (crystallization)  of  the  gronndmass 
of  tbe  rock. 

The  quartz  phenocrysts  are  almost  as  numerous  as  those  of  feldspar. 
Their  outlines  are  partly  idiomorphic,  partly  rounded,  and  sometimes 
exhibit  ^^bays"  of  gronndmass.  In  some  cases  the  outline  is  quite 
sharp  against  the  surrounding  gronndmass,  in  others  it  is  jagged  and 
uneven  in  consequence  of  the  merging  of  the  quartz  of  the  phenocrysts 
into  that  of  the  small  grains  in  the  gronndmass,  proving  that  the  quartz 
phenocrysts  continued  to  grow  in  the  period  of  crystallization  of  the 
gronndmass.  Sometimes  several  quartz  phenocrysts  have  grown  in 
juxtaposition  without  there  being  any  evidence  of  definite  relation 
between  their  orientations.  Most  of  the  quartzes  exhibit  uniform  extinc- 
tion between  crossed  uicols  and  optical  homogeneity.  Others,  however, 
show  an  irregularly  banded  extinction,  as  though  they  were  twinned  in 
lamelhe.  These  ill-defined,  fairly  broad  bands  appear  to  be  parallel  to 
a  principal  optic  section,  that  is,  they  may  lie  in  the  prismatic  zone. 
In  one  instance  there  are  also  extremely  thin,  poorly  defined  bands 
nearly  at  right  angles  to  the  broad  bands.  In  another  case  these  thin 
bauds  cross  the  broad  ones  at  an  inclination  of  32°.  They  may  be 
parallel  to  a  rhouibohedral  face.  A  rhombohedral  cleavage  is  marked 
in  some  cases  and  in  others  there  are  minute  inclusions  parallel  to  the 
broader  bands.  The  exact  nature  of  these  striations  has  not  been 
determined.  They  may  be  the  result  of  molecular  readjustment  pro- 
duced by  dynamical  strains. 

The  quartz  crystals  carry  inclusions  of  gronndmass,  zircon,  sphene, 
monoclinic  pyroxene,  and  very  abundant,  minute  particles,  irregularly 
shaped,  apparently  fiuid  inclusions  with  gas  bubbles;  in  some  cases 
simply  gas  inclusions. 

Biotite  occurs  in  bent  flakes,  which  are  crudely  hexagonal  plates  with 
in  egular  outline.    In  thin  sections  they  show  .an  arrangement  in  lines 
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according  to  the  flow  of  the  magma  before  solidification.  They  are 
strongly  pleochroic,  being  pale  yellow  for  light  vibrating  parallel  to  the 
a  axis,  i.  e.,  nearly  at  right  angles  to  the  cleavage;  and  dark  brown  to 
almost  black  for  light  vibrating  parallel  to  the  cleavage  and  at  right 
angles  to  the  a  axis.  The  angle  between  the  optic  axes  is  apparently 
zero,  and  the  mineral  behaves  as  an  optically  uniaxial  crystal. 

The  hornblendes  in  the  rock  sections  studied  are  completely  replaced 
by  calcite  and  chlorite,  with  numerous  colorless  prisms  of  apatite,  for- 
merly existing  as  inclusions  in  the  hornblende.  In  some  cases  calcite 
preponderates  over  chlorite,  or  alone  constitutes  the  pseudomorph  after 
hornblende.    In  other  cases  chlorite  occurs  alone. 

There  is  some  spliene  present  in  small,  sharply  idiomorphic  crystals, 
easily  confused  with  those  of  zircon,  which  also  occur.  It  possesses 
the  usual  optical  properties.  Zircon  is  sparingly  present  in  small 
4sided  prisms  with  pyramids  of  the  other  order.  There  is  considerable 
apatite  in  stout,  colorless  crystals  of  small  size,  having  prismatic,  basal, 
and  subordinate  pyramidal  faces. 

Epidote  occurs  in  comparatively  large,  irregularly  shaped  individ- 
uals, and  also  in  sharply  defined  prisms.  Eepeated  twinning  is  present 
in  some  crystals.  There  is  faint  pleochroism  in  thin  sections,  from 
colorless  to  yellow.  From  the  arrangement  of  the  epidote  prisms  it  is 
evident  that  they  existed  in  the  magma  before  the  crystallization  of 
the  groundmass,  for  they  take  part  in  the  flow  structure,  and  the  mica 
plates  bend  around  them  in  some  instances.  Either  they  are  primary 
crystals  of  epidote  that  crystallized  from  the  molten  magma  before  its 
final  solidification,  or  they  are  pseudomorphs  after  hornblende  prisms, 
having  the  b  axis  of  the  epidote  parallel  to  the  c  axis  of  the  horn- 
blende. No  cross  sections  of  the  prisms  that  might  have  shown  the 
characteristic  angles  of  either  mineral  were  observed.  While  epidote 
is  a  frequent  product  of  the  alterjition  of  hornblende,  it  does  not 
appear  probable  that  these  epidote  crystals  have  been  formed  in  that 
manner.  They  are  simple  or  twinned  crystals  in  each  case,  and  not 
aggregations  of  minute  anhedrons,  as  is  usual  when  forming  pseudo- 
morphs. Moreover,  no  epidote  was  noticed  in  association  with  the 
chlorite  and  calcite  pseudomorphs,  which  is  its  most  frequent  mode  of 
occurrence  when  secondary  after  hornblende.  The  study  of  rock  sec- 
tions from  specimens  in  which  hornblende  is  not  altered  might  settle 
this  question. 

C<alcite  occurs  in  comparatively  large,  but  microscopic,  anhedrons; 
sometimes  alone,  with  numerous  apatites,  and  probably  replacing  a 
ferromagnesian  mineral;  sometimes  with  chlorite, replacing  hornblende. 

The  groundmass  of  the  rock  is  a  microgranular  aggregate  of  feld- 
spar and  quartz  in  allotriomori)hic  anhedrons  of  various  sizes  from 
.0009 «»™  to  .0026  *"°»  in  diameter.  The  larger  anhedrons  are  mostly 
striated  feldspar,  a  few  only  being  unstriated  and  idiomorphic.  With 
these  are  mingled  many  microscopic  crystals  of  magnetite,  mostly 
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4-8ided,  and  probably  octahedrons,  bits  of  chlorite,  and  carved  plates 
of  biotite,  besides  many  minnte,  rounded  anhedrons  having^  high  refrac- 
tion, and  probably  epidote. 

The  very  fine  grain  of  the  groundmass,  which  is  microcrystalline 
and  megascopically  aphanitic,  together  with  its  composition,  places 
the  rock  among  the  dacite  porphjnries. 

The  chemical  composition  of  this  rock  is  shown  in  the  accompanying 
analysis  by  J.  Edward  Whitfield.  The  absence  of  GO2  and  the  low 
content  of  H2O  indicate  that  the  material  analyzed  was  free  from 
calcite  and  very  slightly  altered.  The  marked  preponderance  of  soda 
over  potash  is  to  be  noted. 

Analysis  of  da^ie-porphyry  from  Clear  Creek,  California, 


SiO, 

TiO, 

A1,0, 

F«sOi 

FeO 

MnO 

MgO 

CaO 

Na,0 

K^O 

Ll,0 

P«0, 

SO, 

CI 

CO, 

H,0 

Total  . . 
LesR  O  for  CI 


Total 


Percent. 


64.24 

.76 

18.67 

1.40 

1.96 

trace 

1.48 

4.n 

4.14 
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No.  91.   MiNETTE. 

(From  Franklin  Furnacb,  Sussex  County,  New  Jersey.   Described  by  J.  P. 

Iddings.) 

This  rock  was  first  described  as  micaceous  diabase  by  B,  K.  Emerson^ 
in  1882,  and  has  been  referred  to  subsequently  as  mica-diabase  and 
kersantite.  It  is,  however,  minette — that  is,  a  more  or  less  i»orphyritic 
holocrystalline  rock,  poor  in  feldspar  which  is  some  variety  of  alkali 
feldspar,  orthoclase  or  albite,  or  both,  and  rich  in  biotite  and  mouoclinic 
pyroxene.    It  is  a  lamprophyre  in  Bosenbusch's  sense. 

The  rock  is  dark  greenish  gray  and  dense,  with  a  small  hackly  frac- 
ture. Abundant  small  micas  are  the  only  mineral  constituent  that  is 
recognizable  megascopically.  There  are  besides  occasional  lumps  of  a 
white  mineral  which  appears  to  be  either  feldspathic  or  zeolitic.  Accord- 


"*  T.  EmenoD,  On  the  dikes  of  mlcaceons  diabase  penetrating  the  bed  of  sine  ore  at  Franklin 
9,  Sussex  County,  New  Jersey :  Am.  Joar.  Scl..  3d  aerlea,  Vo\.XXlll,\a%^,'t^.^lV«W. 
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ing  to  Emerson  tlie  roek  effervescea  freely  with  acid,  owing  to  the  pres- 
en  e  of  calcite.  In  thin  sei^ti  n  the  rock  is  seen  to  be  holocrystalline, 
with  a  hy])idi(iinori)hic  granular  texture.  The  ferromagnesiau  minerals 
aiul  iron  oxide  are  idioiuorphic  with  respect  to  the  feldspar.  Together 
they  also  preponderate  over  the  feldspar,  which  is  more  abundant, 
however,  than  any  other  one  kipd  of  mineral.  Taken  in  the  order  of 
their  relative  abundance  the  constituents  are  feldspar,  monoclinic 
pyroxene,  mica,  magnetite,  epidote,  calcite,  apatite,  pyrite;  but  this 
order  of  abundance  varies  with  the  degree  of  alteration,  and  is  ditferent 
in  different  parts  of  the  rock. 

The  feldspar  is  in  part  twinned  with  polysynthetic  lamellae.  In  some 
cases  twinning  is  not  recognizable.  The  index  of  refraction  of  the 
feldspar  in  both  cases  being  lower  than  that  of  Canada  balsam  indi- 
cates that  the  feldspar  is  albite  or  orthoclase,  or  both.  It  is  quite  pos- 
sible that  the  unstriated  crystals,  more  or  less  clouded  by  alteration 
products,  are  orthoclase.  They  sometimes  yield  long,  rectangular 
sections  arranged  in  fan  like  groups,  an  arrangement  often  assumed  by 
alkali  feldspars.  The  less  clouded,  polysynthetically  twinned  crystals 
are  undoubtedly  albite,  since  their  maximum  symmetrical  angles  of 
extinction  are  about  15^  to  17^,  which  corresponds  to  those  of  albite  or 
antiesine,  but  the  lower  index  of  refraction  as  compared  with  that  of 
balsam  proves  it  to  be  albite.  The  minute  flakes  and  anhedrons 
8(rattered  through  the  feldspar  appear  to  be  epidote,  calcite,  and  some 
little  chlorite.    There  are  also  microscopic  crystals  of  apatite. 

Pyroxene  is  more  abundant  in  some  sections  than  in  others,  having 
become  more  or  less  altered  to  epidote  and  chlorite.  The  pyroxene 
crystals  are  idiomorphic  to  a  high  degree,  and  are  bounded  by  the 
prism  and  two  pinacoids,  the  terminal  planes  not  being  determinable. 
The  crystals  are  short,  stout  prisms.  The  outlines  are  sometimes 
indistinct,  owing  to  the  partial  alteration  to  epidote.  The  prismatic 
cleavage  is  distinct,  and  a  zonal  structure  is  occasionally  observed. 
The  color  in  thin  section  is  pale  brown,  which  renders  it  difficult  to 
discriminate  between  the  pyroxene  and  epidote.  It  is  monoclinic,  with 
a  high  extinction  angle,  and  is  probably  augite.  Pleochroism  is  not 
noticeable.  Inclusions  of  magnetite  and  pyrite  are  numerous.  The 
pyroxene  has  been  replaced,  in  some  cases  almost  completely,  by  epi- 
dote, and  to  a  less  extent  by  chlorite,  quartz,  and  calcite. 

Biotite  occurs  in  abundant  crystals,  which  are  six-sided  plates,  com* 
paratively  thick.  They  are  idiomorphic  with  respect  to  the  feldspar, 
having  crystallized  before  it;  but  they  are  allotriomorphic  with  respect 
to  the  pyroxene,  spbene,  and  magnetite,  having  crystallized  later  than 
these  minerals.  It  partly  incloses  these  minerals,  besides  numerous 
small  crystals  of  apatite.  Some  of  the  mica  crystals  are  bent  and  dis- 
torted. Twinning  is  present  in  some  cases.  The  color  in  thin  section 
is  reddish  brown,  with  strong  pleochroism  and  absorption,  between 
light  brown  or  yellow  and  dark  reddish  brown.  In  conver^<5i\^fe  vsiVast- 
ized  light  the  mineral  appears  uniaxial^  tti^  aiv^^  \y^\j^^«^  >^^  ^^>»S5* 
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axes  is  so  small.  Alteration  has  not  affected  the  biotite  to  the  Siime 
extent  as  the  pyroxene.  Many  biotites  exhibit  no  alteration.  In  some 
crystals  there  are  lenticular  inclusions,  placed  between  the  laminae, 
which  appear  to  be  aggregations  of  minute  grains  of  cpidote,  exhibiting 
Aggregate  polarization.  Cbloritization  has  set  in  at  the  margin  of  some 
mica  crystals. 

Sphene  is  very  abundant  in  comparatively  large  idiomorphic  crystals, 
yielding  the  characteristic  sharply  rhombic  cross  sections.  Cleavage 
is  pronounced.  The  color  in  thin  section  is  pale  brown,  with  slight 
absorption.  The  index  of  refraction  is  somewhat  higher  than  that  of 
pyroxene,  and  the  double  refraction  is  somewhat  lower.  Otherwise  its 
resemblance  to  this  mineral  is  very  close,  and  the  two  are  easily  con- 
fused. It  is  rather  free  from  inclusions  of  other  minerals,  even  magne- 
tite, which  occur  rarely. 

Magnetite  is  present  in  numerous  small  crystals  and  in  some  anhe- 
drons.  Pyrite  is  quite  abundant  in  crystals  apparently  bounded  by 
faces  of  the  cube  and  rhombic  dodecahedron  in  combination.  Apatite 
is  also  abundant  in  small,  stout  prisms,  often  sharply  outlined  and 
bounded  by  the  prism,  a  pyramid  and  the  basal  pinacoid.  It  occurs 
scattered  through  the  other  minerals — feldspars,  micas,  and  pyroxenes. 

Epidote,  a  secondary  mineral  in  this  rock,  occurs  in  aggregates  of 
crystals  usually  having  allotriomorphic  outlines,  sometimes  occupying 
the  place  of  former  pyroxene,  sometimes  scattered  irregularly  through 
the  rock  in  larger  or  smaller  anhedrons.  It  has  nearly  the  same  color 
as  the  pyroxene  and  sphene,  but  is  noticeably  pleoehroic,  with  yellow 
color.  Its  index  of  refraction  is  almost  the  same  as  the  minerals  just 
named,  but  its  double  refraction  is  higher. 

Calcite  is  present  in  irregularly  outlined  anhedrons  and  to  a  variable 
extent.  It  was  not  abundant  in  the  thin  sections  studied.  There  is 
also  a  little  secondary  quartz  and  chlorite. 

The  chemical  composition  of  the  rock,  as  determined  by  L.  G.  Eakins, 
is  given  in  the  Jiccompanying  analysis,  except  for  the  fact  that  titanium 
has  not  been  determined. 

Analysin  of  minette  from  Franklin  Furnace,  yew  Jersey. 

P<T  cent. 
SiO 40.71 


A 1/  )3 10.  40 

F» '  iOj 7.46 

Vvi ) G.  83 

MiiO   18 

M;;0 G.21 

CaO II.  K3 

Xa^O 1.80 

K2O I        3.26 

COj 74 

ir^O 1.53 


Total '    100.01 
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The  rock  is  very  low  in  silica  aud  high  in  alumina,  with  compara- 
tively low  magnesia,  high  lime,  and  relatively  high  alkalies,  chierty  pot- 
ash. The  alumina  must  have  entered  largely  into  the  augite  together 
with  lime  and  iron,  which  accounts  for  the  abundant  production  of 
epidote.  The  formation  of  alkali  feldspars  in  a  magma  so  rich  in  lime 
and  alumina  and  so  low  in  silica  is  noteworthy.  It  followed-  the  crys- 
tallization of  these  elements  into  pyroxene,  the  alumina  having  entered 
largely  in  the  hypothetical  subsilicate  molecule^ 

No.  92.  CAMPTONITE. 

(From  Campton  Falls,  Gkafton  County,  New   Hampsuiue.    Drsckiukd   by 

J.  P.  Iddings.) 

^<At  Campton  Falls  there  are  several  dikes  which  furnish  handsome 
specimens  for  those  who  admire  dark,  porphyritic  rocks.  The  black 
crystals  of  hornblende  are  not  large  enough  to  determine  with  the 
unaided  eye,  but  they  are  very  brilliant  and  numerous."  ^  These  rocks, 
originally  called  diorite  by  Hawes,  who  recognized  their  extremely 
basic  character,  have  become  the  type  of  Bosenbusch's  camptonite 
group.  The  rock  in  the  educational  collection  is  compact  and  bluish 
black,  with  cr3'8taliine  luster,  reflecting  light  from  minute  needles.  It 
carries  numerous  small  phenocrysts  of  hornblende. 

It  occurs  in  an  8-foot  dike  in  mica-schist,  according  to  a  subsequent 
description  by  Hawes.-  In  this  description  he  also  furnishes  a  more 
complete  analysis  of  the  rock,  which  will  be  cited  later  on.  In  thin 
section  the  rock  is  seen  to  be  holocrystalline  and  to  consist  of  abundant 
hornblende  crystals  and  a  subordinate  amount  of  feldspar,  with  some 
augite  and  iron  oxide,  a  little  biotite  and  apatite  and  pyrite,  and  in 
some  cases  an  isotropic  mineral,  which  appears  to  be  analcite  or  soda- 
lite.  There  is  also  a  variable  amount  of  calcite,  serpentine,  or  chlorite. 
The  prepondeiant  constituent  is  hornblende,  which  forms  long  prisms 
that  are  idiomorphic  in  the  prismatic  zone,  having  the  prism  faces  (110) 
and  clinopinacoid  (010)  well  developed.  In  some  cases  the  cliuopina- 
coid  is  more  developed  than  the  prism  faces.  Twinning  x>arallel  to  the 
orthopinacoid  (100)  is  sometimes  present.  The  color  in  thin  section  is 
chestnut-brown,  with  marked  pleochroism  c  and  b  strong  brown,  a 
light  brown  jc>b>a.  The  inclination  of  jc  to  c  appears  to  be  about 
120.  A  study  of  the  chemical  analysis  of  the  rock  in  connection  with 
its  mineral  composition  indicates  that  the  hornblende  is  rich  in  alumina 
and  contains  considerable  soda.  Its  exact  chemical  composition  has 
not  been  determined. 

The  next  mineral  in  abundance  is  feldspar,  which  appears  to  be  of 


'G.  W.  Hawes,  Mineralogy  and  Lithology:  Part  IV  of  the  Geology  of  New  Hampshire.  Vol.  Ill, 
p.  161,  Hitohcook,  Concord,  1878. 

*  G.  W.  Hawes,  On  a  group  of  dissimilar  erupiiTe  rooks  in  Campton,  New  Hampshire :  Am.  Jour. 
Sci.,  3d  beries,  VqI  ^VII,  1870,  p.  147  et  seq. 
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several  varieties.  Tbe  greater  number  of  crystals  exhibit  little  or  no 
polysynthetic  twinning,  and  have  very  low  angles  of  extinction.  These 
crystals  are  probably  oligoclase  and  orthoclase.  They  occur  in  long, 
slender  prisms,  sometimes  with  a  tendency  to  divergent  arrangement. 
They  have  a  lower  refraction  than  those  feldspars  in  the  rock  which 
exhibit  more  pronounced  twinning  in  thin  lamella,  and  yield  symmet- 
rical extinction  angles  as  high  as  20^.  These  feldspars  may  be  ande- 
sine.  They  are  subordinate  to  the  more  alkaline  ones  in  amount.  So 
that  it  appears  that  the  feldspars  of  this  rock  are  decidedly  alkaline 
and  are  not  basic,  as  they  were  supposed  to  be  by  Hawes.* 

Some  of  the  rock  sections  contain  a  colorless,  isotropic  mineral  iu 
comparatively  large  individuals.  -  Its  outline  is  irregular,  and  it  is  trav- 
ersed by  irregular  cracks,  and  no  distinct  cleavage  cracks.  It  is  prob- 
ably analcite,  but  no  determination  of  its  exact  nature  has  yet  been 
made.  Its  quantity  varies  in  different  rock  sections;  from  some  it  is 
absent. 

There  is  a  variable  amount  of  monoclinic  pyroxene  present.  It  is 
quite  abundant  in  some  sections  and  scarce  iu  others.  It  is  pale  yel- 
low to  violet  in  thin  section,  and  is  slightly  pleochroic.  The  violet 
color  may  be  due  to  titanium,  which,  according  to  Hawes's  analyses,^  is 
present  in  the  rock  in  considerable  amount.  The  pyroxene  is  more  or 
less  altered  to  serpentine.  In  some  sections  the  change  has  been  com- 
plete. When  unaltered  it  has  the  usual  form  and  cleavage,  and  some- 
times the  twinning  parallel  to  the  orthopinacoid.  Some  crystals  of 
pyroxene  inclose  brown  hornblende.    The  pyroxene  is  probably  augite. 

A  brown  mica,  biotite,  is  also  present  in  comparatively  few  large 
crystals;  its  outline  is  ill-defined,  and  it  incloses  numerous  crystals 
of  other  minerals.  The  rock  contains  many  small  crystals  of  iron 
ores,  mostly  in  well-defined  crystal  forms,  which  yield  sections  with  3 
and  4  sides.  They  are  white  by  incident  light,  and  appear  to  be  partly 
altered  to  leucoxene.  They  may  betitaniferous  magnetite,  or  ilmenite. 
Some  of  the  opaque  anhedrons  of  iron  ore  are  pyrite,  having  a  brassy 
color  in  incident  light.  There  are  numerous  microscopic  needles  of 
colorless  apatite.  There  is  considerable  calcite  and  serpentine  which 
do  not  occupy  spaces  that  may  be  certainly  referred  to  former  pyrox- 
ene crystals.    These  are  secondary  minerals. 

'  Loc.  cit. 
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The  chemical  composition  of  the  rock  is  given  by  the  following 
analyses,  I  by  G.  W.  Hawes,  and  U  by  L.  G.  Eakins: 

Analjfses  of  camptonite  from  Campion  Falls,  New  Hampshire. 


I. 


U. 


Psr  cent. '  Per  cent. 


SiO, ;      41.M 

TiO, 4.15 

41,0, 16.36 


38.45 


Fe,0, 
FoO.. 
MnO. 
MgO. 
CaO.. 
N«,0. 
K«0.. 
CO,.. 
H,0.. 


3.27 
9.80 

.25 
5.01 
9.47 
5.15 

.19 
2.47 
3.29 


19.68 
4.01 
11.15 
trace 
6.66 
9.37 
2.77 
1.72 
4.82 
1.40 


Total 


100.  U        luO.  11 


These  analyses  differ  from  one  another  considerably,  chiefly  in  the 
alniiiina  and  alkalies  and  in  the  determination  of  titaniam  oxide.  The 
rock  varies  in  tlie  content  of  analcite,  but  it  is  doubtful  whether  the 
lii^li  iilumina  percentage  given  in  II  is  correct.  Titanium  is  undoubt- 
edly present  in  tronsiderable  quantity.  The  difference  in  carbon  dioxide 
may  well  be  due  to  variability  in  the  amount  of  calcite  present. 

No.  93.  DiOEiTB. 

(From  Middle  Brush  Creek,  at  base  of  the  Teocalli  Mountain,  Gunnison 
County,  Colorado.    Described  by  Whitman  Cross.) 

Occurrence. — This  diorite  occurs  as  a  very  irregular  stock  with  rami- 
fying dikes  cutting  through  the  Carboniferous  in  the  southern  Elk 
Mountains.  The  part  of  the  stock  included  within  the  Crested  Butte 
quadrangle  is  more  than  LO  miles  in  length  and  it  extends  northward 
into  the  Aspen  quadranirie  for  several  miles  more.  Large  stocks  of 
tlie  same  rock  occur  elsewhere  in  the  Elk  Mountains  and  in  other  parts 
<'1  Colorado.  The  specimens  roUected  show  the  average  grain  and 
I'omposition  of  the  diorite  mass,  but  variations  in  grain  are  occasionally 
met  with,  and  a  subordinate  p«»rphyritic  structure  is  locally  developed. 

DeHcriptum, — Tlie  rock  is  light  gray,  line  grained,  composed  chiefly 
of  plagiodase,  orthoclase,  quartz,  biotite,  and  hornblende.  The  light- 
colored  minerals  pre<lominate,  with  but  slight  variation  in  the  ratio  of 
biotite  to  hornblende,  over  large  areas;  but,  locally,  qnartz  decreases  in 
annmnt  and  then  augite  often  a])p*'ars  as  the  associate  of  the  other 
dark  silicates.  Magnetite  is  quite  subordinate.  The  rarer  accessory 
constituents,  seen  only  under  the  microscope,  are  apatite,  titauite, 
zircon,  pyrite,  allanite,  and  an  unknown  dark-brown  miueral« 
BuU.  150 ^16 


242  THE   EDUCATIONAL   SERIES   OF   BOCK   SPECIMENS,     [bull.  190. 

Plagioclase  is  the  most  important  element  of  this  diorite.  It  occurs 
almost  entirely  in  idiomorphic  crystals,  varying  in  size  between  ().5""» 
and  1.5""".  These  are  developed  in  tabular  form  parallel  to  the  brachy- 
pinacoid.  Twinning  according  to  the  albite  laws  is  usual,  united  with 
the  (3arlsbad  and  pericline  laws  in  many  cases.  Zonal  extinctions  are 
very  marked,  indicating  a  change  in  composition  of  the  feldspar  mole- 
cule as  crystallization  progressed.  The  main  part  of  the  crystals  seem 
to  be  labradorite,  as  the  symmetrical  extinctions  in  the  zone  normal  to 
the  albitic  twinning  reach  nearly  to  40^.  Tests  on  crystals  showing  both 
Carlsbad  and  albitic  twinning  point  to  labradorite  of  the  composition 
3  albite  +  4  anorthite  as  most  common.  Doubtless  andesine  and  oligo- 
clase  are  ])resent  as  outer  zones  in  some  cases. 

Orthoclase  is  much  subordinate  to  plagioclase,  but  is  still  a  very 
important  constituent.  It  occurs  only  in  irregular  grains,  or  added  to 
the  plagioclase  crystals  in  oriented  position,  especially  in  the  zone  of  the 
ortho  (macro)  axis.  Quartz  apiiears  in  irregular  grains  exactly  analo- 
gous to  the  orthoclase,  these  two  minerals  being  the  last  elements  to 
form,  and  mutually  interfering  with  each  other. 

Biotite  is  reddish  brown  in  color,  in  thin,  irregular  leaves.  Horn- 
blende occurs  in  irregular  prismatic  grains,  green  in  color.  Now  one 
of  these  dark  minerals  predominates,  now  the  other.  They  arc  of 
similar  size,  seldom  reaching  2"""  diameter,  and  are  both  more  or  less 
altered,  chlorite  and  epiddte  being  common  products. 

Of  the  accessory  constituents  magnetite,  apatite,  and  zircon  occur  in 
common  forms.  Titanite  appears  in  irregular  grains,  seldom  in  charac- 
teristic crystals.  Allanite  was  seen  in  two  slides,  out  of  a  large  number 
examined.    It  was  there  developed  in  irregular  grains. 

An  unknown  mineral  is  present  in  some  sections  in  minute,  dark- 
brown,  strongly  pleochroic,  and  absorptive  prisms,  included  in  feldspar 
or  quartz. 

Chemical  composition, — An  analysis  of  the  fresh  diorite  by  L.  G. 
Eakins  yielded  the  following: 

Analyna  of  diorite  from  Elk  Mountains,  Colorado. 


SiOj  . 
TiO,. 

Fe,03 


Per  cent. 


62.71 

undet. 

17.06 

3.79 


FeO  I  2.74 

MnO trac© 

CaO 5.51 

MgO :  1.78 

K2O •  '  2.96 

Na/) ,  3.54 

no -. .24 


Total !     100.83 

S/i./fr.,at80OC.,2.79. 
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These  iignres  show  silica  to  be  so  high  as  to  explain  the  quartz  con- 
tent, and  the  relative  strength  of  potash  explains  the  abundance  of 
ortho<;lase.  The  lime  is  strong  enough  to  produce  a  plagioclase  rather 
rich  in  this  element. 

Literature, — The  geological  occurrence  of  this  rock  is  illustrated  in 
the  Anthracite-Crested  Butte  Folio,  No.  12,  Geologic  Atlas  of  the 
United  States. 

No.  94.  DioBiTE. 

(FUOM    ELEtTRIC     PKAKy   YELLOWSTONK    NATIONAL    PARK.      DRSCRIBED    BY    J.   P. 

IDDING8.») 

This  diorite  occurs  as  a  part  of  a  stock  of  igneous  rock  which  was 
forced  through  Cretaceous  strata  in  early  Tertiary  times.  The  sur- 
rounding sandstone  and  shale  have  been  metamorphosed  by  the  contact 
with  the  intruded  lavas.  The  stock  and  connecting  dikes  were 
once  part  of  a  volcano  which  built  its  cone  upon  the  surface  of  the 
Cretaceous  rocks.  The  interior  of  the  volcano  has  been  laid  bare  by 
faulting  and  erosion. 

The  diorite  mass  has  a  variable  grain,  but  is  for  the  most  part 
coarsely  crystalline,  the  clusters  of  feldspars  and  of  ferromagnesian 
minerals  ranging  from  5"'"'  to  2"""  in  diameter.  These  clusters,  which 
give  the  apparent  texture  to  the  rock,  are  composed  of  from  two  to  a 
dozen  crystals  of  feldspar  and  an  intermingled  aggregate  of  ferromag- 
nesian minerals.  The  constituent  minerals  are  hypersthene,  augite, 
hornblende,  biotite,  lime-soda  feldspar,  orthoclase,  quartz,  magnetite, 
with  apatite.  Of  these,  angite,  hornblende,  biotite,  and  plagioclase  are 
the  most  abundant.  The  structure  is  hypidiomorphic  granular.  The 
plagioclases  are  more  nearly  idiomorphic  than  the  other  constituents, 
but  are  not  strictly  so.  They  are  rectangular  to  lath-shaped.  They 
were  formed  in  large  part  early  in  the  course  of  crystallization.  Some 
are  found  penetrating  brown  hornblende.  Orthoclase  is  present  in  some 
cases  in  small  amount,  and  either  surrounds  crystals  of  plagioclase  as  a 
partial  border  or  forms  irregular  grains  as  C'Cment  between  them.  Quartz 
also  forms  irregular  grains  between  the  other  minerals,  as  though  the 
last  mineral  to  crystallize.  It  carries  fluid  inclusions.  Hornblende, 
pyroxene,  and  biotite  rarely  exhibit  crystal  boundaries.  Their  outlines 
are  usually  very  irregular,  and  they  penetrate  one  another  in  a  most 
complex  manner.  Magnetite  is  scattered  through  the  rock  in  crystals 
or  grains,  being  most  commonly  found  within  the  ferromagnesian  min- 
erals. Apatite  occurs  in  short,  stout  crystals,  not  very  well  formed, 
and  is  colorless.    Zircon  is  rare. 

The  plagioclase  feldspars  exhibit  the  characteristic  polysynthetic 
twinning  and  sometimes  zonal  structure.  Some  carry  abundant  minute 
inclusions.    In  some  cases  these  are  colorless  rectangular  bodies  of  an 


■The  eruptive  rocks  of  Electric  Peak  and  Sepulchre  Mountain,  etc.:  TvceVflVc  Kxvw. '^<£\kV^ ."^^ 
Oeol.  Survey.  1892,  pp.  560-464. 
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indeterminable  nafnre,  but  suggesting  glass.  Others  are  dots  and 
minute  rods  or  needles  in  swarms.  Small  grains  of  the  ferromagnesian 
.minerals  may  also  be  included. 

Hyperstliene  is  not  always  present,  but  occurs  in  i>art8  of  the  rock. 
It  exhibits  a  faint  pleochroism  in  thin  sections,  green  II  jc,  yellow  II  a, 
and  light  red  II  h.  Its  outline  is  irregular,  and  it  is  generally  sur- 
rounded by  hornblende,  occasionally  by  augite  or  biotite.  The  augite 
is  pale  green  in  thin  sections  and  is  not  pleochroic.  It  seldom  exhibits 
crystallographic  outline,  but  forms  irregular  grains,  and  is  generally 
surrounded  by  hornblende.  Biotite  is  dark  brown  to  yellow  in  thin 
sections,  with  strong  absorption.  Its  outline  is  irregular.  It  occurs 
outside  of  Ihe  pyroxenes  in  most  instances,  as  though  a  younger  min- 
eral, but  it  may  be  partly  inclosed  by  them,  as  if  to  some  extent 
contemporaneous. 

Hornblende  is  in  part  green,  in  part  brown,  the  latter  kind  being 
usually  within  the  former.  The  green  hornblende  often  surrounds 
pyroxene  and  biotite  wholly  or  partially.  Generally  they  form  an  in- 
tricate intergrowth,  as  though  they  had  crystallized  at  about  the  same 
time.  The  problem  of  this  intergrowth  is  discussed  at  length  in  the 
article  on  The  Eruptive  Bocks  of  Electric  Peak  and  Sepulchre  Moun- 
tain, Yellowstone  National  Park,  by  J.  P.  Iddings,  in  the  Twelfth 
Annual  Rei)ort  of  the  Director  of  the  United  States  Geological  Survey, 
for  1890-91,  page  006  et  seq. 

The  chemical  composition  of  the  diorite  as  determined  by  J.  E.  Whit- 
field is  given  in  the  analysis : 

Analysis  of  diorite  from  Electric  Peak,  Yellowstone  National  Park, 


Percent 


SiO,. 
TiO, 


56.28 
.84 


AlA t      14.23 

Fe,0, 

FeO  

MnO 

CaO 

MgO 

Li,0 

Na,0 

K,0 

PA 

SO3 

CI 

H,() 


Less  O  for  CI 
Totel  . . 


4.09 
4.06 

.16 
7.04 
6.37 

.01 
2.98 
1.23 

.40 
trace 

.17 

.93 


100.24 
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Ko.  96.  VoLOANio  Sand. 

(From  Snag  Lake  Gixder  Cone,  Lassen  County,  California.    Described  by 

J.   S.   DlIXEB.) 

Volcanic  sand  is  sand  that  has  been  produced  from  molten  rock 
material  by  a  yolcauic  explosion.  Taken  with  volcanic  dust,  it  is  often 
referred  to  as  volcanic  ash,  but  is  not  ash  in  the  same  sense  as  is  that 
resulting  from  the  burning  of  wood  or  coal.  In  order  that  its  formation 
may  be  more  clearly  understood,  it  is  necessary  to  consider  some  of  the 
conditions  and  surface  features  of  volcanic  eruptions. 

Deep  borings,  mines,  and  wells  hare  been  sunk  at  many  points  on  the 
earth's  surface,  and  wherever  observations  have  been  made  the  temper- 
ature has  been  found  to  increase  downward  toward  the  earth's  interior. 
The  increase  is  by  no  means  regular,  and  yet  the  rate  generally  does 
not  vary  greatly  from  an  average  of  about  1^  F.  for  every  increase  of 
57  feet  in  depth. 

If  the  temperature  increased  at  this  rate  regularly  to  a  depth  of  20 
miles,  the  temperature  would  be  over  1,850°  F.,  and  at  50  miles  over 
4,600°  F.,  or  far  higher  than  the  fusing  point  of  all  rocks  under  ordinary 
conditions. 

We  need  not  stop  here  to  inquire  further  into  the  condition  of  the 
earth's  interior,  whether  it  be  solid  or  liquid,  or  as  to  the  source  of  heat« 
whether  it  is  a  residue  of  the  original  incandescent  earth,  or  is  due  to 
chemical  action,  or  is  produced  by  the  mechanical  crushing  of  rocks. 
Let  it  be  snificient  for  our  puri>ose  to  know  that  the  interior  portion  of 
the  earth,  below  a  depth  of  a  few  miles  from  the  surface,  is  very  hot. 

Bain  falls  on  the  mountain  slopes.  Some  of  it  gathers  into  rills,  runs 
into  brooks,  creeks,  and  rivers,  and  Anally  finds  its  way  back  into  the 
sea  whence  it  came.  Another  i)ortion  enters  the  soil,  and,  under  the 
influence  of  gravity,  passes  through  the  pores,  cracks,  and  fissures  of 
the  rocks  to  various  depths  within  the  earth.  On  the  lower  slopes  of 
the  mountains  and  in  the  valleys  much  of  the  water  which  entered 
above  reappears  fVoin  springs,  most  of  which  are  cool  and  refreshing. 
In  some  cases,  however,  the  water  penetrates  so  far  into  the  earth 
before  reapi>earing  in  springs  that  it  is  warmed  by  the  internal  heat. 
Thus  warm  springs,  hot  springs,  and  boiling  springs  are  produced. 

In  those  boiling  springs  in  which  the  outlet  is  large  enough  to  allow 
the  heat  to  escape,  the  movements  of  the  water  are  comparatively  uni- 
form; but  in  certain  cases  the  outlet  is  nai*row  in  proportion  to  the 
length  of  the  more  or  less  vertical  tube  in  the  ground,  and  there  is  not 
sufficient  opportunity  for  the  heat  to  escape.  The  heat  increases  until 
the  expansive  force  of  the  highly  heated  water  and  steam  is  sufficient 
to  produce  an  explosion.  The  overlying  water  and  steam,  as  illustrated 
in  Pi.  XIV  (p.  92),  are  thrown  into  the  air  by  the  eruption.  Such 
springs  are  geyserSi  and  steam  is  the  motive  pow^t  Iw  \}ql<^  ^tq^i^n^sss^. 
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Next  more  important  tban  eruptions  of  water  in  geysers  are  erap- 
tions  of  mud.  A  notable  one  occurred  in  1888  at  Bandai-san  in  Japan. 
Large  quantities  of  mud,  saturated  with  steam  or  highly  heated  water 
under  pressure,  were  developed  a  short  distance  beneath  the  surface. 
A  great  explosion  occurred,  removing  the  whole  side  of  the  mountain. 
A  vast  quantity  of  steam  escaped,  and  streams  of  mud  flowed  down  the 
valley,  damming  water  courses  to  form  lakes,  and  destroying  a  number 
of  villages. 

In  true  volcanic  action  the  material  transferred  from  the  interior  of 
the  earth  to  the  surface  is  neither  simple  water,  as  in  the  geyser,  nor 
mud,  as  in  the  semivolcanic  eruption  at  Bandai-san,  but  melted  rock. 
It  may  come  from  greater  depths  than  either  of  the  others,  where  the 
temperature  is  higher,  and  the  rocks  may  be  either  in  a  molten  condition 
or  so  hot  that  when  the  pressure  upon  them  is  relieved  they  fuse  and 
become  eruptible. 

A  fine  sample  of  a  truly  Volcanic  eruption  is  aftbrded  by  the  stupen- 
dous explosion  of  Krakatoa,  in  the  Straits  of  Snnda,  in  August-,  1883. 
The  explosion  was  heard  for  a  distance  of  more  than  150  miles,  and  a 
mass  of  matter  1^  cubic  miles  in  bulk  was  blown  to  pieces  and  hurled 
high  into  the  air  in  the  form  of  pumice,  ashes,  and  fine  dust.  The 
dust,  very  like  that  of  specimen  No.  58,  was  thrown  to  a  height  of  17 
miles  in  the  air  and  spread  far  and  wide  by  the  winds.  Some  of  it 
fell  hundreds  of  miles  irom  its  source.  The  air  wave  set  in  motion  by 
this  great  explosion  traveled  around  the  earth  three  times,  and  the  sea 
in  the  neighborhood  was  thrown  into  waves,  one  of  which  was  com- 
puted to  have  risen  more  than  100  feet  above  tide  level,  destroying  vil- 
lages and  38,380  people. 

The  eruption  at  Krakatoa  differed  from  that  at  Bandaisan  chiefly  in 
that  the.dnaterial  was,  at  least  in  large  part,  not  in  the  form  of  mud, 
but  in  a  ^ate  of  aqueoigneous  fusion,  i.  e.,  actually  molten.  In  the 
geyser  and  the  eruption  of  mud  the  material  is  impelled  to  the  surface 
by  steam.  The  same  is  true  also  in  the  final  delivery  of  molten  rock, 
or  magma,  in  such  eru[>tions  as  that  of  Krakatoa,  where  the  explosion 
must  have  been  due  chiefly  to  the  expansive  force  arising  from  water 
or  its  component  elements.  In  that  case,  however,  all  the  molten 
material  was  blown  out  by  the  expl  sion.    None  of  it  flowed  out. 

The  large  quantities  of  steam  given  oft*  by  volcanoes  in  eruption,  as 
shown  in  PL  XXXIII,  is  illustrated  by  the  great  clouds  of  vapor  which 
rose  from  Vesuvius  during  its  eruption  in  April,  1872.  The  steam 
clouds  were  given  oft'  not  only  near  the  summit  of  the  mountain  where 
the  eruption  took  place,  but  also  from  the  streams  of  molten  rock 
coursing  down  its  sides.  These  streams  are  marked  by  lines  of  vapor. 
On  the  left  the  lava  reaches  the  very  base  of  the  mountain,  while  on 
the  right  are  two  separate  streams  reaching  nearly  to  its  base.  This 
eruption  differed  from  those  already  noted  in  that  some  of  the  material 
was  blown  out  by  explosion  at  the  mountain's  summit,  while  the  larger 
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part  of  the  molten  material  flowed  out  and  formed  lava  streams  or 
conleeu. 

It  must  not  be  supposed  from  the  fact  that  attention  has  been  called 
to  the  action  of  steam  in  volcanic  eruptions  that  it  is  the  principal 
agent  involved;  such  a  conclusion  would  be  incorrect;  steam  has 
probably  little  to  do  with  the  raising  up  of  great  masses  of  molten 
material  from  the  earth's  interior;  the  cause  of  such  upraising  is  not 
well  understood,  but  when  the  molten  material  has  reached  the  earth's 
surface,  steam  has  much  to  do  with  the  form  of  its  delivery. 

Volcanic  eruptions  are  of  two  fonns — explosive  and  effusive.  In  the 
first  form  the  material  is  blown  to  fragments  and  violently  hurled  into 
the  air;  in  the  second,  the  magma — that  is,  the  molten  rock  material — 
wells  up  within  the  volcjano  and  flows  out  upon  the  surface,  forming 
coulees.  In  some  cases  the  volcanic  eruption  is  wholly  explosive,  as  at 
Krakatoa;  in  others  it  maybe  wholly  effusive,  as  at  Mauna  Loa,  in 
Hawaii,  but  generally  both  forms  occur  together,  as  at  Vesuvius. 

The  same  was  true  also  at  the  small  volcano  at  Snag  Lake,  10  miles 
northeast  of  Lassen  Peak,  California,  where  the  products  of  the  explo- 
sive and  effusive  eruptions  are  quite  distinct,  one  forming  the  cinder 
cone,  and  the  other  a  lava  field,  both  of  which  are  illustrated  in  part 
by  PI.  XXXIV. 

Volcanic  sand,  specimen  No.  95,  was  obtained  from  the  sand  field 
shown  in  the  foreground  in  PL  XXXIV.  Lapilli,  specimen  No.  96, 
came  from  the  cinder  cone  in  the  distance,  and  quartz  basalt,  specimen 
No.  101,  was  collected  from  the  lava  field  to  the  right,  where  the  lava 
was  not  covered  by  sand  as  in  the  view. 

The  finest  material  blown  from  this  volcano,  volcanic  sand,  spread  in 
all  directions  from  the  vent,  covering  the  ground  as  a  sheet  for  a  dis- 
tance of  about  8  miles.  The  coarser  fragments  fell  close  to  the  vent, 
and,  piling  up,  formed  the  cinder  cone,  surmounted  by  a  cup-shaped 
crater  from  which  its  material  was  blown. 

The  maximum  thickness  of  the  sand  at  the  base  of  the  cinder  cone 
could  not  be  distinctly  ascertained.  It  is  loose  and  slides  easily,  so  that 
a  great  deal  of  excavating  is  required  to  get  through  it  where  the  layer 
has  considerable  magnitude.  One- fourth  of  a  mile  from  the  base  of  the 
cone,  where  specimen  No.  95  was  collected,  the  sheet  of  fragniental 
material  is  4  feet  4  inches  thick.  It  consists  of  two  portions.  The  upper 
part  is  properly  called  volcanic  sand;  the  lower  part,  however,  is  com- 
posed of  small,  light  brown  pumiceous  fragments,  ranging  in  size  from 
that  of  a  pea  to  an  inch  in  diameter.  The  fragments  are  very  vesicular 
but  still  not  suflftciently  light  to  float  on  wat^r  like  ordinary  pumice  (No* 
50).  They  are  very  rough  and  jagged,  with  surfaces  torn  by  the  burst- 
ing cells  once  filled  with  steam  or  other  eruptive  gases.  Some  of  them 
were  produced  by  concussion.  The  pieces  hurled  violently  into  the  air 
frequently  struck  others,  and  all  were  partially  pulverized  as  in  a  great 
mill.    This  sort  of  sediment  is  more  abundant  in  the  volcaxik.  ^am^^L'^V^O^ 
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overlies  the  ])umiceons  material,  and  was  therefore  ejected  at  a  sabse- 
queut  stage  of  the  eruption.  Many  of  the  sand  grains  are  vesicular,  but 
less  so  than  the  pumiceous  fragments,  and  are  generally  rounded. 
Other  grains  are  angular  and  composed  of  compact  lava  with  few  vesi- 
cular. They  are  bounded  by  fracture  surfaces,  and  were  evidently  pro- 
duced by  the  violent  concussion  of  larger  fragments.  A  few  grains  of 
quartz,  feldspar  or  olivine  of  early  crystallization,  are  present. 

The  sand  exhibits  irregular  stratitication,  due  to  the  sorting  action 
of  the  atmosphere  upon  the  subsiding  particles  during  the  eruption. 
The  thin  layers  are  lenticular  in  shape  and  continuous  for  short  dis- 
tances only,  not  as  sharply  defined  as  beds  laid  down  in  water,  but  indi- 
cating a  decided  tendency  to  form  beds  under  favorable  conditions. 
This  tendency  is  most  clearly  manifested  a  short  distance  away  from 
the  volcanic  vent,  where  the  air  was  not  so  much  disturbed  by  the  vio- 
lent current  expelled  from  the  crater. 

The  selective  influence  of  the  atmosphere  may  be  seen  not  only  in  the 
imperfect  stratification  of  the  sand,  as  exhibited  in  a  vertical  section, 
but  also  in  its  distribution  upon  the  surface.  Near  the  cinder  cone  the 
sand  is  coarse  and  the  bed  thick,  but  the  bed  becomes  thinner  and  the 
sand  becomes  finer  as  the  distance  from  the  cone  increases. 

On  the  borders  of  the  large  circular  field  covered  by  the  sediment 
thrown  out  from  the  crater  the  fine  material  is  sand,  and  there  is  no 
evidence  to  show  that  any  considerable  amount  of  volcanic  dust  or  mate- 
rial still  finer  than  the  finest  sand  was  lormed. 

Tiie  almost  complete  absence  of  volcanic  dust  in  this  case  is  surpris- 
ing when  we  consider  the  liigbly  explosive  character  of  the  eruption^ 
and  it  may  be  attributed  in  part,  perhaps,  to  the  viscous  condition  of 
the  magma  at  the  time  of  the  out^burst.  Had  the  pumiceous  fragments 
in  the  layer  already  referred  to  contained  sufficient  eruptible  gases  at 
the  time  of  the  ejection  to  blow  them  to  atoms,  considerable  dust  would 
doubtless  have  resulted. 

For  an  illustrated  description  of  the  volcanic  phenomena  exhibited 
at  this  recently  active  center,  reference  maybe  made  to  Bulletin  No.  79, 
United  States  Geological  Survey,  and  to  the  Lassen  Peak  Folio. 

No.  96.  Lapilli. 

(Fkom  Snag  Lake  Cinder  Conk,  Lassrx  County,  California.    Described  by 

J.    S.   DiLLER.) 

The  volcanic  fragments  next  larger  than  grains  of  sand  are  lapilli. 
They  are  usually  very  porous  and  differ  from  the  san<l  particles  chietly 
in  size,  ranging  from  that  of  a  pea  to  several  inches  in  diameter.  Most 
of  them  are  black,  but  shades  of  red  and  yellow  prevail  locally,  and 
when  abundant  may  give  color  to  the  whole  cone.  Tlie  lapilli  of  the 
cinder  cone  illustrated  in  PI.  XXXIV,  from  which  specimens  96  were 
obtained,  are  generally  black,  giving  it  a  somber  aspect.  A  cinder 
cone  in  Arizona^  northeast  of  Flagstone,  noted  for  the  brilliant  colors 


PTLUDR.] 


DESCRIPTIONS:    NO.  96,  LAPILLI. 


249 


of  its  lapilli,  is  called  Sunset  Peak.  Lapilli  are  also  called  ''volcanic 
cinders;"  hence  the  name  cinder  cone^  applied  to  all  cones  of  loose  vol- 
canic material  aboot  tbe  vent  from  which  it  issaed. 

The  lapilli  of  the  Snag  Lake  cinder  cone  remained  long  enongh  in 
the  air  to  become  completely  solidified  before  striking  the  ground,  for 
they  show  no  signs  of  flattening  by  impact,  nor  do  they  show  upon 
thdr  surfaces  any  lines  of  flowage,  such  as  are  so  plainly  marked  in 
the  next  specimen  (No.  97),  from  the  cinder  cone  of  another  locality. 

Tiie  following  chemical  analysis  of  lapilli  from  Snag  Lake  cinder 
cone,  made  by  W.  F.  Hillebrand,  shows  that  its  composition  is  essen- 
tially the  same  as  that  of  the  lava  iu  tbe  lava  field  (No.  101).  Both  are 
quartz  basalt. 

AnaltfsU  of  lapilli  from' Snag  Lake  Cinder  Cone,  LoMsen  County,  California, 
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No.  97.  Scoria. 

(From  Ice  Spring  Craters,  Millard  County,  Utah.    Described  by  J.  S.  Diller.) 

The  volcanic  fragments  of  some  cinder  cones  have  surfaces  like  slag, 
showing  lines  of  flowage.  Sucb  fragments,  especially  when  ci^llnlar, 
have  been  called  scoria.  The  cinder  cone  from  which  speitimen  No.  97 
was  taken  shows  many  traces  of  the  original  molten  condition  of  its 
material.  Upon  the  surface  of  the  lava  which  escaped  from  this  cone 
there  are  distinct  flow  lines,  and  also  ui>on  the  inner  slopes  of  the 
crater  where  the  ^ul)siding  magma  left  trickling  remr.ants. 

The  fragments  of  scoria  in  many  cases  show  by  flattening  that  they 
were  yet  soft  when  they  tell,  and  other  well  pr«*served  flow  forms  indi- 
cate that  they  were  nut  hurled  violently  from  the  crater.  If  that  were 
the  case  they  would  have  been  broken  by  collision  or  rounde<l  by  impact, 
as  specimen  No.  96.    instead  they  were  ejected  gently — \.Vx^\»\A^%\iVNNXKKfc^ 
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out — and  were  so  soft  and  sticky  as  to  mold  themselves  and  adhere  to 
that  upon  which  they  fell.  Mr.  Gilbert  graphically  describes  them  as 
<'  volcanic  bombs  whose  aerial  flight  was  too  short  to  permit  them  to 
harden."  For  a  description  of  the  volcanic  features  of  Ice  Spring 
craters  reference  should  be  made  to  Gilbert's  monograph  on  Lake 
Bonneville,  Monographs  United  States  Geological  Survey,  VoL  I,  pp. 
320  to  325. 

No.  98.  Volcanic  Bomb. 

(Fkom  near  Mount  Trumbull,  Yavapai  County,  Arizona.    Dkscribrd  by 

J.  S.  DlIXRR.) 

Besides  the  sand  and  various  forms  of  lapilli  ejected  from  an  active 
volcano  there  are  other  fragments,  generally  larger,  designated  volcanic 
blocks  or  bombs.  The  angular  ones  are  blocks  and  the  round  ones  are 
bombs.  The  latter  are  illustrated  in  PI.  XXXV,  which  is  a  photograph 
of  those  at  the  base  of  the  Snag  Lake  cinder  cone.  They  were  hurled 
into  the  air,  fell  u|)on  the  steep  slopes  of  the  cinder  cone,  and  rolled 
to  its  base.  They  are  compact  throughout,  excepting  upon  the  sur- 
face, where  they  are  more  or  less  vesicular.  This  vesicular  covering 
shows  that  their  form  is  not  due  to  the  impact  of  the  neighboring 
particles  during  the  eruption,  but  to  some  earlier  cause.  Some  of  these 
bombs  are  over  8  feet  in  diameter,  and  it  is  difficult  to  believe  that  they 
became  round  and  cool  while  flying  through  the  air,  for  that  would 
postulate  an  unreasonable  rapidity  of  cooling.  That  they  were  solid 
when  they  struck  the  ground  is  evident,  because  they  did  not  flatten 
as  did  those  ejected  from  the  Ice  Spring  craters  of  Utah,  the  Mono 
craters  of  California,  and  many  others.  It  appears  probable  that  these 
large  bombs  were  the  first  part  of  the  lava  to  solidify  Jind  were  sus- 
pended in  the  magma  before  the  eruption,  when  they  were  hurled  out 
of  the  crater  in  their  x)resent  form.  This  view  of  their  origin  explains 
also  their  compact  structure  as  compared  with  the  vesicular  character 
of  the  other  ejected  material. 

The  volcanic  bombs  collected  for  this  series  were  obtained  from  one 
of  the  cinder  cones  on  the  Uinkaret  platform,  a  short  distance  south- 
east of  Mount  Trumbull,  Arizona.  On  this  platform  are  a  number  of 
symmetrical  cinder  cones,  the  result  of  geologically  recent  volcanic 
activity,  the  eruptions  from  which  cascaded  over  the  clifls  for  thousands 
of  feet  to  reach  the  bottom  of  Grand  Canyon.  Among  the  fragmental 
material  of  which  these  cones  are  made  up  are  found  great  numbers  of 
these  "  lava  balls,"  ranging  in  size  from  that  of  a  pea  to  5  feet  or  more 
in  diameter.  The  average  size  is  nearly  that  of  the  specimen  in  the 
collection.  Many  of  them  are  red  from  the  oxidation  of  the  iron,  but 
others  are  dark,  with  surfaces  ramified  by  a  series  of  cracks. 

The  origin  of  these  bombs  is  believed  to  be  similar  to  that  of  those  at 
Sna^"  Lake  cinder  cone,  where  they  were  certainly  ejected  as  independ- 
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ent  fragments.  Their  spherical  form  is  generally  attributed  ^  to  rota- 
tion while  Hying  through  theair.  Professor  Dana''^  says  that  at  Hawaii 
such  forms  are  produced  "  by  the  rolling  movement  of  the  front  of  the 
stream  diie  to  friction  at  the  bottom."  They  sometimes  have  a  center 
of  olivine  or  more  scoriaceous  lava. 

Some  of  the  bombs  near  Mount  Trumbull  were  found  contiining  oli- 
vine nodules,  such  as  specimen  No.  104,  which  were  evidently  solid  at  the 
time  of  the  eruption,  and  may  have  been  shot  into  the  air  like  a  bullet. 
The  same  mineral  nodules  occur  also  in  the  lava  stream,  especially  in 
its  vesicular  portions,  and  when  they  are  released  by  weathering  closely 
resemble  volcanic  bombs. 

The  volcanic  phenomena  of  that  region  are  described  by  C.  E. 
Button  in  Vol.  II  of  the  Monographs  of  the  United  States  Geological 
Survey,  p.  101  to  112,  to  which  the  student  is  referred  for  further  infor- 
mation. A  fuller  discussion,  On  the  Fragmentary  Ejectamenta  of  Vol- 
canoes, is  given  by  H.  J.  Johnston-Lavis  in  the  Proceedings  of  the 
Geologists'  Association  of  London  (1885-86)  Vol.  IX,  pp.  421  to  432. 

No.  99.  Basalt  Tuff. 

(From  Battle  Crrkk  Mkadows,  Triiama  County,  California.    Described 

BY  J.  S.  DlLLKR.) 

Fine  fragmental,  volcanic  material,  such  as  dust,  sand,  and  small 
lapilli,  when  cemented  so  as  to  be  more  or  less  firmly  coherent  is  tuff. 
TJie  term,  as  explained  under  andesite  tutt'  (No.  79),  is  made  to  cover  all 
pyroclastic  rocks  of  which  the  component  fragments  are  finer  than 
coarse  volcanic  conglomerate.  It  varies  greatly,  owing  to  the  character 
and  size  of  the  component  parts,  from  a  very  fine  granular,  light-colored 
rock,  such  as  would  result  from  lithifying  volcanic  dust  like  specimen 
No.  58,  to  a  conglomerate  made  up  of  lapilli,  such  as  specimen  No.  96,^ 
and  is  designated  according  to  the  kind  of  lava  fragments  it  contains,  as 
basalt  tuff,  andesite  tuflf,  rhyolite  tuff,  etc. 

Specimen  No.  99  was  obtained  near  the  summit  of  a  cone  from  whose 
base  issued  a  stream  of  basalt  that  flowed  down  the  canyon  of  Battle 
Creek  for  miles.  The  cone  was  made  up  by  the  accumulation  of  vol- 
canic sand  and  lapilli  about  the  orifice  from  which  they  issueil,  but 
instead  of  being  loose  material,  as  at  the  Snag  Lake  cinder  cone,  it  is 
cemented  and  forms  a  tuff  cone.  The  cementation  probably  occurred 
in  connection  with  the  volcanic  outbreak.  Eruptions  are  generally 
accompanied  by  rains  from  condensed  steam.  When  the  rain  is  suf- 
ficiently copious  the  saturated  mass  of  fragmental  material  may  flow 
as  mud  and  become  consolidated,  forming  tuff*.  Mud  flows  are  some- 
times disastrous.  Pompeii  was  buried  by  such  a  stream  from  the  slopes 
of  Vesuvius.  Cones  ma<le  of  tuff  are  tuff'  cones.  They  are  generally 
less  steep  than  cinder  cones,  and  distinctly  stratified. 


>  Gelkie,  Text  Book  of  Geology,  3d  edition,  pp.  200  nnrl  201.    Also  Jndd'a  VolcanoeM,  p.  70. 
^  Dona,  Manual  uf  Oeolo|ry,  4th  edition,  p.  289. 
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The  basalt  tuff,  specimen  No.  09,  is  strongly  contrasted  with  the  andes- 
ite  tafr(No.  7U),  not  only  in  the  size  and  composition  of  its  fragments  but 
especially  in  its  distribution  with  reference  to  the  source  of  material. 
The  sand  and  dust  of  which  the  andesite  tuft'  was  made  spread  far  and 
wide  over  the  country,  and  may  have  been  derived  from  numerous 
distant  volcanoes  about  Lassen  Peak.  They  were  deposited  in  a  body 
of  water  and  formed  part  of  an  extensive  bed.  On  the  other  hand,  the 
basalt  tuff  presented  by  specimen  No.  99  is  a  land-made  deposit,  limited 
in  its  distribution  to  one  small  cone.  It  is  somewhat  stratified  parallel 
to  the  slope  of  the  cone.  This  arrangement  is  due  to  assorting  done 
by  the  air  and  the  sliding  of  the  material  down  the  steep  slopes. 

No.  100.  Cellular  Basalt. 

(From  Ice  Spring  Craters,  Millard  County,  Utah.  Describxd  bt  J.  S.  Dillxr.) 

By  the  expansion  of  gases  contained  in  lava  cavities  are  developed. 
If  the  cavities  are  small  the  lava  is  porous.  If  they  are  large  and  rather 
regular,  either  spherical  or  elongated,  the  lava  is  vesicular.  When  the 
vesicles  are  so  abundant,  as  in  specimen  No.  100,  that  the  space  between 
them  is  reduced  to  a  fine  wall,  the  structure  is  cellular. 

Specimen  No.  100  was  obtained  from  the  interior  portion  of  a  large 
ejected  fragment  or  bomb  near  the  eastern  base  of  the  Mitre,  the  same 
crater  upon  whose  slope  the  specimen  of  scoria  (No.  97)  was  collected* 
Much  of  the  lava  of  this  region  is  vesicular,  but  it  is  rarely  cellular. 

The  lava  having  the  cellular  structure  (No.  100)  is  basalt.  Vesicular 
structure  is  common  in  basalts,  but  is  rare  or  entirely  wanting  in  the 
more  siliceous  lavas.  The  vesicles  in  many  cases  ^re  elongated  by 
movements  of  the  mass,  and  show  the  direction  of  the  flow.  When 
the  vesicles  are  filled  with  secondary  minerals,  such  as  occur  in  speci- 
men No.  139,  the  structure  becomes  amygdaloidal. 

No.  101.  QUABTZ-BASALT. 

(From  Snao  Lake  Cinder  Cone,  Lassen  County,  California.    Dkscribkd  bt 

J.  S.  Diller.) 

Quartz-basalt  is  basalt  which  is  characterized  by  the  presence  of 
primary  quartz. 

One  of  the  latest  volcanic  eruptions  in  this  country,  so  far  as  is  yet 
definitely  known,  occurred  a  little  more  than  200  years  ago  near  Snag 
Lake,  10  miles  northeast  of  Lassen  Peak,  California.  The  cinder  cone, 
ash  field,  and  lava  field,  seen  iu  PI.  XXXIV,  look  as  fresh  as  though 
the  eruption  took  ]>lace  only  yesterday. 

There  were  two  lava  flows  from  the  base  of  the  cinder  cone.  The 
older  is  partially  covered  by  volcanic  sand,  as  shown  in  PI.  XXXIV. 
The  surface  of  the  younger  flow  is  shown  in  PI.  XXXVI  to  be  without 
any  covering  of  volcanic  sand.  Specimen  No.  101  was  collected  from 
the  younger  flow. 

The  lava  is  quartz-basalt.    It  is  a  dark,  compact,  more  or  less  por- 
tic  rock  in  which  crystals  and  gtaiuE  oi  c^xx^Xii.  ^t^  ^V&tixiQt^  but 
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t^aartz-basalts  are  relatively  rare.  They  hold  essentially  the  same 
relation  to  basalts  that  the  dacites  do  to  the  andesites,  or  the  rhyolites 
to  the  trachytes.  A  fuller  illustrated  description  of  the  quartz  basalt 
(No.  101)  and  its  associated  volcanic  phenomena  may  be  found  in  Bulle- 
tin 2fo.  79,  United  States  Geological  Survey,  by  J.  S.  Diller. 

No.  102.  Basalt. 

(From  Watchung   Mountain,  Orange,   Nkw   Jersey.     Described   by  J.  P. 

IDDINGS.) 

The  basalt  which  forms  a  sheet  intercalated  in  the  red  sandstone 
( Juratrias)  of  Kew  Jersey  and  (Constitutes  a  capping  to  the  ridge  known 
as  the  First  Mountain  of  the  Watchung  Eange  was  undoubtedly  a 
sheet  of  lava  that  flowed  over  the  surface  of  the  country  in  Juratrias 
times.  The  rock  in  the  collection  is  from  the  large  columns  exposed  in 
John  O'Rourke's  quarry,  near  those  illustrated  in  PI.  IV  (p.  :!0),  in 
West  Orange  Township,  and  is,  therefore,  from  the  lower  portion  of  the 
lava  sheet. 

The  rock  is  dark  bluish-gray  when  freshly  iractured,  usually  turning 
greenish  upon  exposure.  It  is  compact  and  breaks  with  an  even- 
grained  texture.  Megascopically  it  is  finely  ciystalline  to  aphanitic, 
sometimes  slightly  porphyritic,  with  small  pheuocrysts  1*""*  or  2°*"* 
long.  Owing  to  its  durability  and  to  the  readiness  with  which  it  is 
broken  into  regular  blocks,  it  is  extensively  quarried  for  paving  stones, 
and  is  also  crushed  for  road  metal  and  used  for  macadamizing  many 
miles  of  roads  in  this  region.  It  is  frequently  columnar,  or  exhibits 
less  regular  prismatic  jointing,  and  is  the  well-known  ^^trap"  rock 
forming  the  crests  of  the  Watchung .  Range,  Bergen  Hill,  and  the 
Palisades  on  the  Hudson  Biver. 

In  thin  sections,  under  a  microscope,  the  rock  is  seen  to  consist  of 
abundant  monoclinic  pyroxene  and  much  plagioclase  feldspar,  with 
magnetite  and  scattered  patches  of  microlitic  and  globulitic  glass 
base,  and  a  variable  amount  of  serpentine  or  chlorite.  The  pyroxene, 
which  is  in  excess  of  the  feldspar,  is  mostly  malaeolite,  being  pale 
green  to  colorless  in  thin  sections,  with  high  double  refraction  and 
poorly  developed  cleavage.  It  may  easily  be  confounded  with  olivine. 
However,  the  occurrence  of  completely  altered  areas  inclosed  in  per- 
fectly fresh  pyroxene  indicates  that  the  serpentine  represents  a  much 
more  easily  altered  mineral,  such  as  olivine.  The  pyroxene  of  similar 
basalts  and  diabases  occurring  in  Connecticut  was  analyzed  by  (1.  W. 
Hawes'  and  shown  to  be  an  iron- lime-magnesia  p>Toxene,  low  in 
alumina,  eorrespondiug  to  the  composition  of  malaeolite.  In  the  basalt 
of  Orange  Mountain  it  does  not  exhibit  the  basal  parting,  or  twinning, 
or  the  idiomorphism  that  characterize  salite.  It  is  probable  that  olivine 
was  present  in  the  rock  before  decomposition  set  in.    A  few  partly 


^G.  W.  Hawes,  On  the  miuerftlogical  composition  of  the  normal  Mesozoic  diabase  upon  tlie  Atlantic 
border:  Proo.  U.  S*  N»t  Miueum,  1861,  pp.  12».ld4. 
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altei^d  crystals  of  this  mineral  have  been  observed  in  some  thin  sec- 
tions. In  others  there  are  brown  serpentine  pseudomorphs  which  are 
unquestionably  decomposed  olivines.  It  is  x>ossible  that  the  scattered 
patches  of  serpentine  which  have  been  deposited  in  irregularly  shaped 
spaces  have  resulted  from  the  alteration  of  olivine.  But  serpentine 
may  also  be  derived  from  the  decomposition  of  the  malacolite. 

The  plagioclase  feldspar  forms  lath-shaped  crystals  with  polysyn- 
thetic  twinning,  often  with  only  3  or  4  stripes.  The  high  extinction 
angles  and  relatively  strong  double  refraction  show  it  to  belong  to  the 
more  calcic  species,  probably  labradorite.  Hawes  has  shown  that  two 
si>ecies  of  feldspar  often  occur  together  in  these  rocks,  and  has  demon- 
strated the  presence  of  labradorite  and  anorthite.' 

The  feldspar  is  in  part  altered  to  an  almost  colorless,  brilliantly  polar- 
izing mineral,  without  definite  crystallographic  boundaries,  probably 
prehnite. 

Eemnants  of  a  glass  base  are  occasionally  observed.  They  form 
anguhir  patches,  the  glass  being  colorless  with  globulites  and  micro- 
lites,  mostly  of  augite  with  attached  grains  of  magnetite.  The  magne- 
tite is  sometimes  present  in  small  aggregations.  In  places  this  residual 
base  is  holocrystalline,  possibly  through  alteration.  A  study  of  the 
whole  rock-mass  showed  that  glass  was  more  abundant  in  the  upper 
I)ortion  of  the  lava  sheet. 

The  chemical  composition  of  this  rock  is  shown  in  the  analysis  made 
by  L.  G,  Eakins: 

Jnalysiti  of  basalt  from  Wdtchunfj  Mountain,  Xefv  Jersey. 

Per  cent. 

.__      _ _ .  _  _ . I 

J^IO.. 51.36    i 

Al^O^ 16.25 

Fc^Oj 2.14 

FeO 8.24    I 

MnO .09 

NiO ;  .03 

CaO :  10.27    I 

MgO ;  7.97 

KjO 1.06 

Ka^O 1.54 

HjO 1.33 

I    CO, 

Total 100.28 


For  a  description  of  the  columnar  structure  of  this  rock,  see  The 
columnar  structure  in  the  igneous  rock  on  Orange  Mountain,  New  Jer- 
sey? by  J.  P.  Iddings:  Am.  Jour.  Sci.,  3d  series.  Vol.  XXXI,  May, 
1886,  pp.  321-331. 


G.  W.  Hawea,  loc.  clt.,  p.  131. 
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No.  103.  Columnar  Jointing  in  Lava.^ 

(From  Karnak  Kidgk,  Montezuma  Rvnok,  Churchill  County,  Nevada. 

DESCRIliBD  BY  J.   P.   IdDINGS.) 

Tbe  occurrence  of  this  rock,  under  the  name  of  rbyolite,  is  described 
by  Messrs.  Hague ^  and  Kiiig^  in  the  Reports  of  the  U.  S.  Exploration 
of  tlie  Fortieth  Parallel,  where  illustrations  of  its  columnar  structure 
are  given. 

Along  tbe  crest  of  this  [Karnak]  ridge  the  rhyolito  forms  a  series  of  clusters  of 
prismatic  columns  of  all  sizes  from  3  feet  down  to  an  inch  in  diameter.  They  show 
from  3  to  7  Hides,  most  frequently  5,  bnt  in  many  cases  the  fifth  side  will  be  much 
longer  than  the  other  four,  with  a  slightly  curving  outline  and  a  tendency  to  develop 
a  sixth  side.  The  four-sided  figure  would  seem  to  be  tbe  lea^t  common.  Usually 
they  stand  in  an  approximately  vertical  position,  that  is,  above  an  angle  of  60^. 
The  tendency  to  columnar  structure  shows  itself  in  various  degrees  of  perfection, 
from  the  symmetrical  prism  to  a  single  set  of  parallel  planes  diagonal  to  tbe  l>edding 
of  tbe  rock.  The  most  perfect  prismatic  forms  are  found  near  the  summit,  becoming 
less  and  less  sharply  developed  farther  down  the  slopes.  The  exterior  of  the  col- 
umns, generally  of  a  dark,  almost  chocolate  brown  color,  fades  in  many  instances 
into  a  reddish  gray.    The  interior  is  an  exceedingly  brilliant,  pure  gray. 

t 

The  microscopical  characters  of  the  rock  have  been  described  by 
Zirkel  *  and  referred  to  those  of  rhyolite,  but  they  are  those  of  horn- 
blende-mica andesite  or  possibly  of  some  form  of  dacite. 

The  rock  has  a  light-gray,  siphanitic  groundmass,  with  many  small 
phenocrysts  of  feldspar,  biotite,  and  hornblende.  The  feldspar  pheno- 
crysts  are  all  lime  soda  feldspar  in  idiomorphic  forms,  with  marked 
zonal  structure  and  numerous  glass  inclusions.  The  values  of  the  sym- 
metrical extinction  angles  are  such  as  to  indicate  that  the  feldspars  are 
labradorite  in  part.  The  glass  inclusions  are  colorless  in  some  cases 
and  dark  brown  in  others.  Other  inclusions  in  the  feldspars  are  thin 
prisms  of  apatite,  magnetite,  zircon,  and  occasionally  hornblende  and 
biotite. 

The  hornblende  phenocrysts  are  very  small  and  have  ixwrly  devel- 
oped forms.  Cross  sections  show  the  presence  of  the  unit  prism  (110) 
and  clinopinacoid  (010).  The  crystals  are  sometimes  irregularly  shaped 
anhedrons.  Pleochroism  is  pronounced  from  greenish  brown  and 
brown  to  light  brown :  c  ^^  greenish  brown,  b  =  brown,  and  a  =  light 
brown.  The  absorption  is  c>b>u.  Some  crystals  in  thin  se<*.tiou 
exhibit  a  narrow  border  of  magnetite  grains  and  augite  microlites; 
others  are  free  from  it. 

Biotite  occurs  in  thin  plates  and  also  in  comparatively  thick  crystals 
with  more  or  less  irregular  outline.  It  has  a  brown  color  similar  to 
that  of  hornblende,  with  strong  absorption.    It  carries  inclusions  of 


^Tbis  rock,  although  a  qoartz-bearinc  naica-an<lc»ite  or  dacite.  is  given  tbia  place  in  tbe  series 
because  (olitniuar  joiiitiui;  is  most  common  in  basalts. — J.  S.  D. 
«  A.  Il.Jirut?.  r.  S   Exploration  of  tbe  Fortietb  rarallel.  Vol.  II.    Wasbington.  1877.  p.  761. 
-'C.  Kin*:,  ibnl.  Vol.  I.     Washington.  1S78.  p.  644. 

^F.  2 irk  el  Micxvecopicai  Petrograpby :  Vul.  VI,  U.  S.  GeoL  Expl.  Fortieth  Parallel.    WMbiagtoo, 
jy/dt  p.  177, 
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magnetite,  sometimes  in  tlie  central  part,  sometimes  in  the  margin; 
besides  few  opaqae  needles. 

Magnetite  occurs  in  minute  crystals.  Apatite  forms  numerous  long, 
slender  prisms  with  dust-like  inclusions.  Zircons  are  very  few  and 
small.  There  are  a  few  phenocrysts  of  quartz  with  rounded  and  irreg- 
ular outlines,  carrying  glass  inclusions. 

The  groundmass  is  holocrystalline,  consisting  of  irregularly  shaped 
anhedrons  of  feldspar  and  quartz  in  microppikilitic  growth,  the  whole 
being  clouded  by  minute  particles,  probably  gas  cavities  in  most  cases. 
There  are,  besides,  microscopic  idiomorphic  feldspars  with  rectangular 
outlines,  sometimes  forked  at  the  corners.  These  exhibit  polysynthetic 
twinning  in  some  cases,  but  not  in  others.  The  smaller  ones  have  a  low 
extinction  angle  and  are  probably  oligoclase.  It  is  questionable 
whether  any  may  be  orthoclase.  In  places  there  are  idiomorphic  crys- 
tals of  quartz  surrounded  by  a  clouded  zone  of  quartz  and  feldspar  in 
micropoecilitic  intergrowth.  The  groundmass  also  contains  minute 
crystals  of  magnetite  and  scales  of  mica,  besides  microscopic  prisms 
of  apatite. 

Oolnmnar  structure,  or  the  separation  of  a  rock  into  prisms  more  or 
less  straight  and  parallel  to  one  another,  is  not  confined  to  any  one 
kind  of  rock,  although  it  is  most  frequently  developed  in  igneous  rocks 
and  especially  in  basalts.  The  most  familiar  examples  of  columnar 
rocks  are  basalts,  notably  the  Giant's  Causeway  and  FingaPs  Cave  in 
Ireland,  the  columnar  lavas  in  the  Auvergne  in  central  France,  and 
those  of  the  Snake  Eiver  Canyon  in  Idaho  and  of  the  valley  of  the 
Columbia  in  Oregon.  Excellent  columnar  structure  occurs  in  the  basalt 
or  trap  of  the  Palisades  on  the  Hudson  and  of  Watchung  Mountain, 
west  of  Orange,  as  shown  in  PI.  IV  (p.  20),  and  at  Paterson  and  Little 
Falls,  in  New  Jersey.  But  equally  good  columns  are  found  in  the  rhyo- 
lites  and  obsidian  in  numerous  localities  in  western  America,  notably 
in  the  Yellowstone  National  Park  and  in  Nevada.  They  also  occur  in 
andesites  and  other  kinds  of  igneous  rocks,  and  even  in  granite  in  rare 
instances.  Less  perfect  columns  are  sometimes  observed  in  limestone, 
baked  clays,  and  coal.  In  all  cases  the  prismatic  cracking  is  the  result 
of  a  contractiou  of  the  rock  mass,  either  through  cooling,  as  in  the  case 
of  volcanic  lavas,  or  through  loss  of  substance  upon  drying  or  baking, 
when  water  or  vaporizable  portions  of  the  mass  have  been  driven  off 
by  the  heat  of  adjacent  intruded  rocks. 

In  igneous  rocks  the  prismatic  cracks  start  at  right  angles  to  the 
plane  or  surface  of  cooling,  and  if  the  rate  of  cooling  is  uniform  over 
the  surface  the  cracks  continue  in  a  straight  line,  producing  straight 
prisms.  If  the  cooling  is  not  uniform  at  the  surface,  the  columns  or 
prisms  become  curved,  often  in  diverging  groups.  When  the  rock  mass 
is  perfectly  homogeneous  and  the  cooling  is  uniform,  the  columns  are 
hexagonal  and  of  uniform  thickness;  but  these  conditions  are  seldom 
realized  in  nature,  and  the  number  of  sides  may  vary,  as  may  also  the 
BulL  150 17 
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tbicknesa  of  different  prisms.  The  slower  and  more  gradual  the  nhrink- 
age  of  the  mass,  the  larger  the  columns.  And  since  the  rates  of  cooling 
at  the  upper  and  lower  surfaces  of  a  lava  sheet  resting  upon  the  surface 
of  the  earth  are  usually  quite  different,  it  often  happens  that  the  lower 
portion  of  a  lava  sheet  will  be  separated  into  larger  columns  than  the 
upper  x)ortion.  Moreover,  since  the  cooling  at  the  bottom  is  generally 
uniform,  while  tbat  from  the  top  may  be  irregular,  the  bottom  columns 
are  usually  straight  and  normal  to  the  bottom  plane,  and  tbe  upper 
columns  are  curved  in  diverging  groups.  Small  prisms  in  volcanic 
lavas  sometimes  correspond  exactly  in  shape  to  the  well-known  starch 
prisms  which  have  been  produced  by  tbe  drying  of  a  mass  of  starch. 
For  a  discussion  of  the  production  of  columnar  structure,  consult  the 
following  articles: 

On  the  origin  and  mechanism  of  production  of  the  prismatic  (or  col- 
umnar) structure  of  basalt,  by  E.  Mallet:  Philosophical  Magazine  (4), 
vol.  1,122,201. 

On  columnar  fissile  and  spheroidal  structure,  by  T.  G.  Bonney: 
Quart,  flour.  Geological  Society,  1876,  p.  140. 

The  columnar  structure  in  the  igneous  rock  on  Orange  Mountain, 
New  Jersey,  by  J.  P.  Iddings :  Am.  Jour.  Sci.,  3d  serien,  vol.  31,  1886, 
p.  321. 

No.  104.  Olivine  Nodule  from  Basalt. 

(From  near  Mount  Trumbull,  Yavapai  County,  Arizona.    Drscribrd  hy 

J.  P.  Iddings.) 

The  rock  which  carries  these  nodules  is  a  recent  lava  flow  whose 
place  of  occurrence  is  illustrated  and  described  iu  Monograph  II, 
United  States  Geological  Survey,  pp.  Ill  and  112.  These  nodules  are 
found  not  only  in  the  lava  flow,  but  also  as  bombs  among  tbe  ejected 
material  of  the  cinder  cone  from  whose  base  the  coulee  issued. 

The  rock  is  a  basalt,  in  part  highly  vesicular  and  scoriaceons,  having 
a  dark  gray  to  black  color,  and  in  part  solid  and  compact.  In  tbe  vesic- 
ular portion  the  nodules  are  several  inches  long  and  thick;  in  the 
compact  rock  they  are  small,  nearly  the  size  of  lima  beans  or  almonds 
or  walnuts.  The  sliape  of  the  nodules  is  quite  irregular,  some  being 
rounded,  others  angular  with  smooth  surfaces.  A  megascopic  exami- 
nation shows  that  in  some  cases  the  nodules  are  composed  of  several 
kinds  of  minerals,  though  chiefly  olivine.  Some  appear  to  consist  of 
diallage  or  a  mixture  of  diallage  and  olivine.  The  small  ones  in  the 
compact  basalt  seem  to  be  nearly  pure  olivine  in  nearly  all  cases.  The 
basalt  also  carries  comparatively  large  crystals  of  black  hornblende 
and  feldspar,  which  are  less  noticeable  than  the  nodular  inclusions.^ 
These  nodules  are  granular  crystalline  aggregates  of  i)ale-green  olivine. 


Un  the  field,  when  tho  nodules  of  olivine  and  diallago  were  colleirted,  crvHtalH  of  liomblende  and 
feldspar,  occasionally  an  incli  in  diameter,  were  seen.    The  out4>r  HurfacoA  in  nearly  all  cases  were 
}^u]&r,  abovring  embaymonts  dae  to  the  corrosive  action  of  the  magma.    J.  S.  D. 
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with  a  variable  amoant  of  green  pyroxene.  The  olivine  crystals  have 
a  vitreoas  luster  and  sabconehoidal  fractare. 

The  vesicnlar  basalt  containing  the  nodules  when  seen  in  thin  section 
is  found  to  have  an  almost  opaque  groundmass,  filled  with  small  cavi- 
ties, abundant  small  olivines  and  occasional  augite  crystals,  besides 
relatively  few  lath-sbaped  microlites  of  lime-soda  feldspar.  In  places 
these  microlites  are  more  abundant  and  the  groundmass  is  partly 
transparent  and  is  crowded  with  minute  opaque  dots.  The  opa(|ue 
matter  is  undoubtedly  magnetite  in  very  minute  grains,  or  crystals  so 
numerous  as  to  prevent  the  transmission  of  light  through  rock  sections 
of  the  ordinary  thinness.  In  the  very  thinnest  edges  it  is  possible  to 
make  out  the  presence  of  other  constituents,  whose  character,  however, 
is  not  determinable  directly. 

The  almost  microscopic  phenocrysts  of  olivine  scattered  through  this 
groundmass  are  generally  idiomorphic,  with  the  outlines  usual  to  such 
crystals — that  is,  the  sections  are  rhombs  or  six-sided  figures;  but  some 
of  the  crystals  are  imperfectly  developed  and  have  irregular  outlines, 
or  are  skeleton  forms  of  growth,  with  jagged  outline  and  numerous 
pockets  or  bays  of  groundmass,  and  also  inclosures  of  groundmass. 
Such  forms  result  from  rapid  crystallization  in  a  quickly  cooling  magma. 
Tbe  olivine  is  nearly  colorless,  with  strong  double  refraction,  yield- 
ing brilliant  colors  between  crossed  nicols.  Some  of  the  crystals  are 
twinned,  so  that  two  crystals  cross  one  another,  or  are  in  juxtaposition, 
with  their  vertical  axes  inclined  to  one  another  at  an  angle  of  about 
60O.  This  arrangement  may  be  brought  about  when  the  twinning  and 
composition  planes  are  the  unit  brachydome  (Oil),  an  observed  mode 
of  twinning  in  olivine.  Augite  crystals  about  the  size  of  the  olivines 
are  scarce.  They  form  somewhat  rounded  and  irreguJarly  shaped 
crystals,  which  are  pale  green  in  thin  section  and  are  not  pleochroic. 
They  are  also  strongly  doubly  refracting,  and  are  brilliant  between 
crossed  nicols,  being  distinguished  from  olivine  by  their  color  and 
more  marked  cleavage,  which  is  the  usual  pyroxene  cleavage  in  the 
prismatic  zone.  The  inclined  extinction  angles  measured  against  these 
cleavage  cracks  reach  as  high  as  42o.  The  augites  are  full  of  irregu- 
larly shaped  inclusions  of  glass,  and  of  multitudes  of  minute  dot-like 
inclusions,  which  also  may  possibly  be  glass. 

There  are  still  less  frequently  irregularly  shaped  crystals  of  dark 
brown  hornblende  with  strong  pleochroism,  which  contain  inclusions 
of  groundmass.  They  are  the  same  as  the  large  megascopic  crystals 
of  black  hornblende  already  mentioned. 

The  feldspar  microlites  are  exceedingly  small,  are  in  many  cases 
forked  at  the  ends,  and  are  twinned  in  two  strips  parallel  to  the  long 
axis  of  the  microlite.  The  symmetrical  extinction  angles,  reaching  32^ 
in  some  instances,  indicate  that  the  feldspar  is  labradorite. 

The  nodules  in  thin  section  are  seen  to  consist  of  anhedrous  of  oli- 
vine, with  a  subordinate  amount  of  pyroxene,  which  is  in  part  ottX^a- 
rhombic,  in  part  monoclinic. 
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The  olivine  is  colorless  and  has  wholly  allotriomorphic  outlines.  In 
some  cases  it  is  without  cleavage,  in  others  there  is  a  more  or  less  dis- 
tinct pinacoidal  cleavage.  In  general  the  substance  is  quite  pure,  but 
inclusions  are  numerous  in  some  individuals.  They  are  iu  part  nega- 
tive cavities  having  the  form  of  hollow  crystals  of  olivine;  in  part  they 
are  rounded,  or  form  an  irregular  network  of  cavities.  These  seem  to 
be  filled  with  gas  in  some  cases  and  with  liquid  in  others,  there  being 
a  moving  gas  bubble  within  the  liquid  inclusion.  Occasionally  the 
cavities  are  cut  in  making  the  thin  section,  and  balsam  enters  and 
partly  fills  them.  There  are  also  rod  like  inclusions  of  a  brown  min- 
eral, which  lie  in  parallel  lines.  They  appear  to  be  the  same  as  stouter 
inclusions  of  similar  shape,  which  have  the  same  direction  and  the  same 
color.  They  also  occur  in  irregular  shapes  and  as  rounded  grains 
like  the  larger  brown  grains  which  have  a  higher  index  of  refraction 
than  olivine,  are  isotropic,  and  are  either  picotite  or  chromite.  Some 
individuals  of  olivine,  when  seen  between  crossed  nicols,  exhibit  a 
parallel  banding,  as  though  composed  of  comparatively  broad  laniellaa 
with  slightly  different  angles  of  extinction,  which  might  be  due  to 
polysynthetic  twinning. 

The  pyroxene  resembles  the  olivine  very  closely,  but  has  a  grayish- 
green  tinge,  with  no  pleochroism,  but  with  marked  cleavage  as  iu 
pyroxenes.  Some  of  it  has  the  parallel  extinction  and  lower  double 
refraction  of  orthorhombic  pyroxene,  and  is  probably  eustatite.  Other 
individuals  have  higher  double  refraction  and  inclined  extinction,  and 
are  probably  diopside.  Both  pyroxenes  in  some  cases  carry  numerous 
gas  and  fluid  inclusions  with  moving  bubbles,  which  have  the  shape  of 
crystals  of  the  matrix,  or  may  be  irregularly  shaped.  Occasionally  the 
pyroxene  is  striated  as  though  by  polysynthetic  twinning. 

In  one  section  examined  there  is  a  little  violet-brown  glass  between 
crystals  of  olivine  within  the  nodule.  When  olivine  lies  in  contact 
with  this  glass  it  has  its  proper  crystal  form,  which  indicates  that  the 
glass  is  a  remnant  of  the  matrix  out  of  which  the  olivine  crystallized. 
This  kind  of  glass  was  not  observed  around  the  margin  of  the  olivine 
nodule. 

The  outline  of  the  margin  of  these  nodules  in  thin  section  is  irregu- 
larly jagged,  with  minute  bays  and  pockets  of  the  groundmass  of  the 
surrounding  basalt  penetrating  into  the  crystals  of  olivine  and  pyrox- 
ene. There  is  no  sign  of  crushing  of  the  olivine  along  the  margin  of 
the  nodule. 

In  mineral  composition  these  nodules  resemble  certain  varieties  of 
peridotite,  since  they  consist  of  olivine  with  picotite,  or  olivine  with 
diopside  and  enstatite  and  picotite,  and  might  possibly  be  considered 
inclusions  of  fragments  of  such  rocks.  But  the  olivine  is  the  same  as 
that  in  the  basalt,  and  in  some  cases  there  is  brown  glass  within  the 
nodule.  It  is  probable  that  these  nodules  are  segregations  that  have 
formed  within  the  molten  basalt  magma,  either  in  lumps  the  size  of 
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the  present  nodnles  or  in  larger  masses  which  have  been  cracked  aiH>n 
the  eruption  of  the  basalt  magma.  Analogous  segregations  of  horn- 
blende often  occur  in  audesites.  Similar  nodules  of  olivine  are  found 
in  basalt  in  various  localities,  some  of  them  being  very  large  masses. 
For  a  review  of  the  different  hypotheses  that  have  been  advanced  to 
explain  the  formation  of  olivine  nodules,  the  student  is  referred  to  Prof. 
Ziikei's  Lehrbuch  der  Petrographie,  Second  Edition,  Vol.  II,  p.  031. 

No.  105.  DOLEBITE. 

(From  Valmont,  Boulder  Country,  Colorado,  Three  Miles  East  of  the  Town 

OF  Bouldeh.    Described  by  Whitman  Cross.) 

Geological  occurrence. — The  rock  to  be  describexi  occurs  as  a  vertical 
dike,  running  east  and  west,  20  to  40  feet  wide,  and  nearly  2  miles  in 
length.  The  formation  cut  by  the  dike  is  the  Fox  Hills,  or  upper  divi- 
sion of  the  Montana  group  of  the  Cretaceous,  a  series  of  sandy  shales 
and  friable  sandstones.  The  locality  is  on  the  plains,  4  miles  from  the 
foothills,  and  the  shales  are  nearly  horizontal.  The  specimens  were 
obtained  from  the  west  end  of  the  dike,  just  above  the  village  of  Val- 
mont. Here  the  dike  rises  about  200  feet,  with  vertical  walls  near  the 
top  and  debris-covered  slopes  below. 

It  is  supposed  that  this  rock  was  erupted  during  the  Denver  period 
of  the  post-Larnmie,  and  that  at  the  time  of  eruption  there  may  have 
been  a  thickness  of  2,000  feet,  more  or  less,  of  sedimentary  rocks  above 
the  horizon  at  which  the  dike  is  now  exposed.  Basaltic  magma  of 
practically  identical  composition  was  erupted  at  this  time  at  several 
places,  some  14  to  IG  miles  nearly  south  from  Valmont,  and  the  product 
is  now  seen  in  dikes  and  in  the  surface  flows  of  Table  Mountain  at 
Golden.  It  is  considered  probable  that  the  Valmont  dike  also  repre- 
sents a  channel  through  which  the  basaltic  magma  rose  to  the  surface. 
Aside  from  analogy  with  the  occurrence  near  Golden,  a  further  support 
of  this  supposition  is  afforded  by  the  uniform  texture  and  structure  of 
the  Valmont  rock  from  wall  to  wall  and  from  end  to  end  of  the  dike. 
This  is  interpreted  to  mean  that  the  magma  cooled  at  a  very  uniform 
rate,  such  as  could  be  experienced  only  where  the  adjacent  shales  had 
become  highly  heated  by  the  long-continued  passage  of  lava  through 
the  fissure  conduit. 

General  description, — The  Valmont  dolerite  is  a  very  dark  porphyritic 
rock,  whose  most  distinct  phenocrysts  are  dark  augite  prisms,  with  a 
maximum  length  of  I*'"',  while  most  of  them  are  less  than  0.5*^"*  long, 
and  there  is  a  regular  gradation  down  to  those  less  than  1"'"  in  length. 
By  careful  search  a  few  glassy  olivine  crystals  may  be  seen,  especially 
where  serpentinizatioQ  has  begun.  Keflection  from  the  curved  fissure 
planes  of  the  fresh  olivine  phenocrysts  often  gives  them*  a  metallic 
luster.  Some  olivine  crystals  reach  a  length  of  3""",  but  the  average  is 
about  1*""'. 

Feldspar  phenocrysts  are  rarely  discernible  vj\\Xi\>xe^^^s-^^  si?j^^\ssa5^ 
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examination  with  a  lens  shows  tbe  dark-gray  mass  in  which  olivine  and 
angite  crystals  are  embedded  to  consist  very  largely  of  plagioclase 
tablets,  whose  narrow  cross  sections  exhibit  a  very  fine  striation  on  the 
basal  cleavage  plane.  These  tablets  lie  .irregularly,  and  their  bound- 
aries seem  indistinct.  The  lens  also  shows  the  dark  color  of  the  mskss 
to  be  largely  due  to  many  minute  black  and  green  particles  regularly 
disseminated  through  the  whole. 

Microscopical  examination  of  thin  sections  shows  the  rock  to  consist 
of  the  minerals  already  mentioned,  with  the  addition  of  orthoclase  and 
biotite  and  the  accessories  magnetite  and  apatite.  The  dark  specks 
giving  color  to  the  mass  are  magnetite,  augite,  and  biotite.  The  angu- 
lar spaces  left  between  the  plagioclase  tablets  are  for  the  most  part 
filled  by  orthoclase.    Ko  glassy  or  globulitic  base  exists  in  this  rock. 

The  constituents  are  fresh,  excepting  some  of  the  olivines,  which  are 
partly  changed  into  golden-yellow  serpentine,  and  patches  of  feldspar, 
which  are  cloudy. 

Chardcteristics  of  constituents, — The  augite  is  of  a  dull,  greenish-gray 
color,  occasionally  exhibiting  a  yellowish  tinge  or  becoming  nearly  color- 
less in  certain  zones.  The  phenocrysts  are  stout  prisms  of  the  usual 
forms,  but  the  outlines  as  seen  in  thin  sections  are  almost  always  some- 
what irregular  lines.  Zonal  structure  is  rarely  seen,  but  a  few  crystals 
show  a  colorless  zone  near  the  outer  border.  This  is  free  from  inclu- 
sions, while  the  green  portion  commonly  contains  numerous  round  or 
irregular  sack-shaped  brown  glass  inclusions,  together  with  grains  of 
magnetite,  olivine,  and  prisms  of  apatite.  Very  rarely  these  are 
arranged  in  zones,  though  an  irregular  kernel  of  the  crystal  is  fre- 
quently free  from  inclusions.  Biotite  leaflets  are  sometimes  included 
in  augite. 

There  are  many  small  phenocrysts  of  augite,  but  there  is  a  decided 
gap  between  these  and  the  irregular  greenish  grains  of  a  second  gen- 
eration, which  average  0.05  to  0.20">°*  in  diameter. 

Olivine  is  developed  in  a  manner  closely  corresponding  to  that  of 
augite.  Its  most  distinct  phenocrysts  show  prisms  and  domes.  Inclu- 
sions of  magnetite,  apatite,  and  gljiss  are  numerous.  The  latter  are 
usually  small  and  round  and  show  black  globulitic  devitrification. 
They  are  sometimes  zonally  arranged.  Biotite  leaves  are  rarely  found 
in  the  olivine. 

All  stages  of  serpentinization  can  be  seen  in.  almost  every  thin  sec- 
tion, but  the  majority  of  the  crystals  are  very  fresh.  The  fibrous 
golden-yellow  product  contrasts  markedly  with  the  colorless  olivine. 
It  develops  in  fibers  normal  to  the  various  fissure  planes  in  the  crystal. 

Plagioclase  is  so  developed  in  this  rock  that  it  is  difficult  to  deter- 
mine what  varieties  are  present.    The  larger  crystals  are  tablets  par- 
allel to  the  brachypinacoid,  but  their  other  boundaries   are  either 
imj)erfect  or  are  obscured  by  the  later  growths.    There  are  probably  at 
Jeast  two  varietieti  of  the  lime-soda  series  present.    The  older  of  these 
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forms  the  larger  tablets,  1  to  3"""  long,  and  qaite  narrow.  These  usually 
present  very  thin  lamina*,  twinned  according  to  the  albite  law,  and 
such  polysynthetic  parts  are  often  further  twinned  by  the  Carlsbad 
law.  In  addition,  twinning  by  the  pericline  law  is  often  found.  The 
maximum  observed  extinction  in  the  zone  normal  to  the  predominant 
pinacoid  is  nearly  40^,  which  indicates  that  such  crystals  must  be  at 
least  as  rich  in  lime  as  labradorite. 

Probably  different  from  these  larger  crystals  are  the  small  staves  of 
plagioclase,  which  are  abundant.  It  is  also  difficult  to  make  out  the 
form  of  these  crystals. 

Orthoclaso  is  probably  an  element  of  considerable  importance  in  the 
Valmont  dolerite,  but  it  is  practically  imjwssible  to  prove  its  identity 
in  most  thin  sections.  The  cause  of  this  difficulty  lies  in  the  manner 
in  which  it  is  developed — in  irregular  grains,  as  the  last  crystallized 
mineral,  between  other  constituents.  But  there  are  some  cases  where 
plagioclase  crystals  are  more  or  less  completely  surrounded  by  an 
irregular  border  of  apparent  feldspathic  substance  which  extinguishes 
uniformly  parallel  to  the  pinacoidal  line  of  sections  normal  to  the  lam- 
ina*. That  this  substance  and  many  of  the  simply  polarizing  grains  are 
orthoclase  is  strongly  indicated  by  the  chemical  analysis  of  the  rock 
and  by  analogy  with  the  basalts  of  similar  composition  near  Golden, 
where  the  development  is  much  more  distinct. 

Biotite  occurs  abundantly  and  very  regularly  distributed  throughout 
the  rock  in  little  greenish-brown  flakes  having  a  tendency  to  attach 
themselves  to  olivine  and  magnetite.  They  are  apparently  included 
both  in  augite  and  olivine.  No  large  leaves  have  been  noticed.  Only 
rarely  do  the  flakes  have  a  hexagonal  form. 

Magnetite  is  scattered  through  the  rock,  but  is  less  abundant  than  in 
most  basalts.  It  is  the  most  abundant  inclusion  in  the  olivine  and 
augite  crystals. 

Apatite  is  present  in  characteristic  prisms,  but  is  not  so  prominent 
as  in  audesite.  No  zircon  crystals  have  been  observed,  and  no  titanium 
minerals. 

Structure, — The  large  augite  and  olivine  prisms  distributed  through 
the  dense  feldspathic  mass  of  the  rock  give  it  a  porphyritic  structure, 
but  microscopical  study  shows  that  there  is  not  quite  that  relation 
between  pheuocrysts  and  groundmass  which  is  commonly  found  in 
porphyritic  rocks.  The  distinct  crystals  of  augite  and  olivine  lie  in  a 
mass  which  also  contains  crystals  of  labradorite,  but  these  grade  down- 
ward in  size  to  correspond  with  a  probably  distinct  feldspar  occurring 
in  staves,  while  orthoclase  with  some  oligoclase  fills  the  interstices 
between  the  older  tabular  crystals. 

It  is  true  that  augite  occurs  in  what  is  apparently  a  second  genera- 
tion in  small  irregular  grains,  which  are  embedded  in  or  lie  between 
the  feldspar  crystals.  This  rock  has  therefore  a  peculiar  structure 
not  commonly  met  with,  and  it  serves  to  illustrate  one  w^i.^  v\vNR\sSs3«i. 
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porphyritic  structure  may  be  produced  without  a  second  generation  of 
the  chief  minerals;  for  while  the  augite  and  possibly  other  minerals 
may  have  had  a  second  x)eriod  of  formation,  the  porphyritic  structure 
seen  is  not  due  to  that  cause. 

Chemical  composition. — Below  is  given  the  analysis  of  the  typical 
rock  (I),  and  that  of  augite  isolated  from  the  same  (II).  Both  analyses 
are  by  L.  G.  Eakins. 

Anahjaea  of  dolerite  from  Valmontj  Colorado j  and  of  angiie  therefrom. 
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The  greater  part  of  the  titanic  acid  of  the  rock  is  undoubtedly  con- 
tained in  the  augite,  but  it  was  not  determined  in  the  analysis  of  this 
latter. 

The  analysis  is  that  of  a  typical  basalt,  except  as  to  the  alkalies. 
The  high  amount  of  potash  found  confirms  the  belief  that  the  last  feld- 
spar crystallizing  in  this  basalt  is  orthoclase.  In  the  closely  allied 
basalts  of  Table  Mountain  at  Golden  there  is  likewise  a  larger  amount 
of  potash  than  soda.  Perhaps  the  presence  of  biotite  is  also  due  to 
this  abundance  of  potash.  This  mineral  is  also  developed  in  the  Golden 
basalt. 

Literature, — The  basaltic  occurrences  of  this  region  are  fully  de- 
scribed in  Monograph  XXVII  of  the  United  States  Geological  Survey, 
Geology  of  the  Denver  Basin,  Colorado,  by  S.  F.  Emmons,  Whitman 
Cross,  and  G.  H.  Eldridge. 

No.  106.  Diabase. 

(From  West  Rock,  New  Haven,  Connecticut.    Described  by  L.  V.  Pirsson.) 


«! 


Northward  from  the  city  of  New  Haven  there  extends  through  Con- 
ticut  and  into  Massachusetts  a  long,  narrow  area  of  sandstones 
b,  from  their  fossil  contents,  are  known  to  be  of  Triassic  age.   The 
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length  of  this  belt  is  about  110  miles  and  its  width  about  20.  The 
rocks  composing  it  are  chiefly  red  sandstones  which  pass,  on  the  one 
hand,  into  coarse  conglomerates  and,  on  the  other,  into  sandy  shales. 
The  belt  itself  lies  in  a  great  trough  of  upturned  crystalline  meta- 
morphosed rocks  of  uncertain,  but  probably  Paleozoic,  age.  The  thick- 
ness of  the  Triassic  strata  in  this  trough  is  not  known,  but  artesian 
borings  down  to  4,000  feet  made  in  New  Haven  have  not  passed 
through  it.  The  belt  is  one  of  a  system  occurring  in  independent 
areas  along  the  Atlantic  border,  which  represent  deposits  made  in 
Mesozoic  time  and  to  which  the  name  of  the  Newark  group  has  been 
given.  The  belt  extending  northward  through  Connecticut  and  Mas- 
sachusetts is  known  as  the  Connecticut  Valley  area. 

The  general  structure  of  this  area  has  produced  the  belief  that  the 
trough  was  the  former  valley  of  the  ancient  Connecticut  River,  which, 
throngh  submergence,  passed  into  an  eatuarine  condition,  and  was 
then  filled  with  the  sediments.  The  character  of  these  beds,  their 
frequent  cross  bedding,  and  the  sudden  changes  from  sandstone  into 
conglomerates  show  rapid  shifting  of  currents  and  powerful  stream 
action. 

A  small  outlying  area  of  these  sandstones  about  15  miles  west  of 
the  main  one  indicates  that  the  formation  had  once  a  wider  area  than 
at  present,  but  denudation  since  its  emergence  has  carried  away  an 
unknown  amount,  leaving,  however,  the  thicker  mass  lying  in  the 
former  trough. 

The  beds  in  this  area  are  not  in  their  original  horizontal  position. 
After  their  emergence,  by  the  action  of  erogenic  forces,  they  were 
faulted  into  a  series  of  great  blocks,  which  dip  eastward  and  have 
their  upthrow  on  the  western  side.  They  thus  form  a  series  of  mono* 
clines  which  give  rise  to  north  and  south  ridges. 

The  type  of  topography  to  which  this  structure  has  given  rise  is 
strongly  accentuated  by  the  fact  that  the  upturned  blocks  of  sand- 
stone contain  numerous  intrusions  of  diabase,  or  "  trap  rock,"  as  it  has 
been  commonly  called.  These  intrusions  are  of  all  sizes  and  of  thick- 
nesses up  to  250  feet.  The  sandstone  which  formerly  covered  the 
intrusions  has  been  largely  carried  away,  especially  along  the  crests 
of  the  faulted  blocks,  by  denudation  and  glacial  erosion,  thus  exposing 
the  igneous  rock.  It  therefore  produces  a  series  of  curved  north-and- 
south  ridges  which,  on  account  of  the  upthrow  on  the  westward  side, 
face  toward  the  west  and  southwest  with  bold  precipitous  cliffs  with 
columnar  faces.  These  projecting  masses  of  diabase  dominate  the 
topographic  character  of  the  region  and  form  the  most  striking  ele- 
ment in  its  scenic  features. 

It  is  admitted  by  all  geologists  who  have  studied  the  region  that  the 
diabase  occurs  in  intrusive  masses,  but  in  regard  to  the  period  at  which 
the  intrusions  took  place  there  has  been  much  discussion.  Concerning 
this,  two  views  have  been  held.    One  of  these  supposes  that  tk^  vvc^vs^ 
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portion,  at  least,  of  the  intrasions  took  place  after  the  apturning  of  the 
beds.  The  magma  rose  through  fissures,  often  passing  along  between 
the  bedding  until,  nearing  the  top,  it  lifted  the  upper  layers  and,  some- 
times abrading  the  upturned  beds  on  the  lower  side,  formed  large 
intrusive  masses.  This  view  has  been  chiefly  upheld  by  the  late  Prof. 
J.  D.  Dana. 

The  other  view  supposes  that  the  intrusions  of  diabase  took  place 
before  the  upturning  of  the  strata,  and  that  it  was  injected  between 
them  in  immense  horizontal  intrusive  sheets  conformable  with  the 
bedding,  or  poured  out  in  contemporary  lava  flows  as  the  sediments 
were  dei)osited.  Later,  when  the  sandstones  were  faulted  into  blocks 
with  upthrow  to  the  west,  the  trap  sheets  were  brought  to  light.  This 
idea  has  been  chiefly  urged  and  developed  by  Prof.  W.  M.  Davis.  It 
would  be  out  of  place  here  to  enter  into  a  discussion  of  these  two  con- 
flicting views;  sufftce  it  to  say  that  some  features  of  the  area  seem  to 
be  best  explained  by  the  former,  others  by  the  latter,  and  that  it  is  by 
no  means  certain  that  either  view  is  everywhere  correct.  The  main 
point  is  that  tbe  igneous  rock  described  here  is  intrusive  in  origin,  and 
that  the  peculiarities  of  structure  and  texture  it  exhibits  are  due  to  an 
igneous  mass  cooling  and  crystallizing  under  at  least  a  moderately 
heavy  cover  of  sediments.  Those  who  desire  more  information  in 
regard  to  the  structure  and  occurrence  of  these  intrusive  masses  of 
diabase  will  And  it  in  the  works  given  in  the  list  of  literature  at  the 
end  of  this  article. 

West  rock  is  the  name  given  locally  to  the  extreme  southern  end  of 
the  most  western  of  the  *nrap"  ranges  mentioned  above.  The  ridge, 
which  has  here  a  height  of  about  400  feet  above  tide,  breaks  oft*  along 
the  western  front  and  southern  end  in  a  bold  cliff  from  which  the  mass 
slopes  back  toward  the  east  at  a  moderate  angle  until  it  merges  into 
the  lower  country. 

Along  the  crest  the  rock  exposures  are  those  of  the  diabase  itself, 
the  sedimentary  covering  having  been  carried  away;  but  down  the 
slopes  toward  the  north  and  east  the  covering  sandstones  are  met 
with.  Along  tbe  western  side  and  southern  front  the  cliff  gives  an 
excellent  section,  and  it  may  be  seen  here  that  the  diabase  is  in  ])art 
unconformable  to  the  strata,  and  then  dips  and  passes  in  between  the 
planes  of  bedding  of  the  upturned  sandstones.  The  thickness  of 
the  mass  above  the  sandstones  on  the  west  front  is  about  200  feet.  It 
is  cut  by  a  series  of  joint  planes  which  divide  it  into  rude  columns, 
so  that  the  clift'  front,  viewed  from  below,  has  a  pronounced  columnar 
striK'ture. 

The  rock  has  long  been  quarried  and  used  as  a  building  stone  and 

for  road  metal  in  the  city  of  New  Haven.    For  this  latter  purpose  it  is 

especially  well  adapted  by  its  hardness  and  tough,  resistant  qualities. 

For  building  purposes  material  having  smooth  planes  of  the  natural 

joint  faces  is  especially  sought,  as  these,  from  the  oxidation  of  the  iron- 

bearing  wineralSy  are  covered  by  a  t\\\i\  ^km  of  vacYiug  shades  of 
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brown  wliicli  produce  a  very  pleasing  effect  in  sarfaces  of  masonry. 
The  quarry  is  at  the  extreme  southern  end  of  the  cliff,  and  is  in  the 
village  of  Westville,  one  of  the  suburbs  of  Kew  Uaven,  and  about  2  miles 
from  the  center  of  the  city.  It  is  from  this  quarry  that  the  specimen 
in  the  collection  has  been  taken. 

The  diabase  of  the  New  Haven  region  possesses  a  special  interest 
from  the  petrographic  standpoint  in  that  it  was,  so  far  as  known,  the 
first  rock  in  America  to  be  investigated  by  modern  j)etrographical 
methods.  This  investigation  was  made  in  1874  by  Hawes  and  E.  S. 
Dana,  who  showed  by  analyses  and  by  examination  of  thin  sections 
by  the  polarizing  microscope,  that  the  '*trap"  rocks  of  the  Connecticut 
valley  area  were  composed  of  augite,  iron  ore,  and  a  feldspar  to  which 
the  composition  of  labradorite  was  assigned,  with  at  times  the  addition 
of  some  chlorite.  Later,  by  analyses  and  separations,  Hawes  showed 
that  two  varieties  of  feldspar  were  commonly  present  in  these  rocks. 

The  specimen  shows  a  rock  of  a  very  dark  stone-gray  color,  heavy, 
and  rather  dense  in  texture.  On  a  close  examination  with  the  eye,  this 
dark  color  is  seen  to  be  due  to  the  spotting  of  shapeless  masses  of  a 
blackish  mineral  (mostly  augite)  with  tiny  flecks  of  white  (feldspar). 
It  may  be  noticed  that  at  times  the  white  Hecks  take  the  form  of  minute 
rods.  The  clean  fractured  surface  of  the  rock  is  nearly  devoid  of  luster. 
The  lens  only  serves  to  bring  out  these  features  more  strongly,  and  to 
show  that  the  light  and  dark  minerals  are  mingled  in  shapeless  masses. 
It  does  not  bring  out  any  pronounced  feature  which  would  serve  to 
ciiaracterize  the  rock.  The  rock,  indeed,  does  not  megascopically  show 
any  pronounced  features  which  would  serve  to  classify  it,  beyond  its 
weight  and  the  dark  color  due  to  a  large  proportion  of  a  ferromagnesian 
mineral,  characters  which  would  at  once  place  it  among  the  basic  rocks 
of  basaltic  habit. 

On  examining  a  thin  section  of  the  rock  under  the  microscope,  how- 
ever, its  structure  and  mineral  composition  are  at  once  clearly  seen,  and 
it  also  proves  a  very  interesting  one  for  petrographic  study. 

The  minerals  composing  it  are  found  to  be  apatite,  iron  ore,  biotite, 
pyroxene,  plagioclase  feldspar,  orthoclase,  and  quartz,  while  chlorite 
and  serpentine-like  minerals  occur  as  secondary  products  produced  by 
weathering.  The  minerals  are  given  in  the  order  of  their  formation, 
which  is  told  by  the  younger  including  the  older,  or  by  the  latter  pro- 
jecting into  the  former  with  crystal  boundaries.  The  pyroxene  and 
plagioclase  feldspar  are  by  far  the  most  abundant  and  constitute  the 
chief  mass  of  the  rock. 

Apatite  is  not  common.  It  occurs  in  small  stout  ])risms,  which  are 
apt  to  be  associated  with  the  colored  components,  and  long  slender 
needles,  which  occur  almost  wholly  in  the  feldspar.  It  is  colorless  and 
easily  told  by  its  high  single  refraction,  low  double  refraction,  and 
optically  negative  extension.  It  may  occur  in  any  of  the  other  com- 
ponents, and  is  therefore  the  oldest. 

Iron  ore,  though  well  distributed  t.V\Yovvv;\v.owX»  W\^  >^^*jx:\w^  \\\  >^^ 
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opaque  masses,  is  by  do  means  abundant.  It  is  undoubtedly  in  part 
ilmenite,  since  the  analysis  of  the  rock  shows  a  considerable  amount  of 
titanic  oxide  present,  and  there  is  no  other  mineral  to  which  it  can  be 
referred,  except  that  pyroxene  sometimes  carries  a  small  amount. 
When  it  enters  into  their  composition,  however,  they  are  almost  invari- 
ably of  violet  color  and  have  a  marked  dispersion  of  the  optic  axes, 
which  is  not  the  case  in  the  pyroxene  of  this  diabase.  Both  magnetite 
and  ilmenite  are  present,  as  shown  later. 

There  are  two  varieties  of  pyroxene  present.  The  one  is  the  usual 
brownish  kind  characteristic  of  this  class  of  rocks ;  the  other  is  a  whit« 
or  colorless  one,  which  has  a  tendency  to  be  more  idiomorphic  than  the 
brown,  in  columnar  shapes.  The  difference  between  them,  since  the 
brown  one  is  light  in  tone,  is  not  extremely  marked,  but  it  can  be  easily 
seen  by  studying  the  section  with  a  rather  low  power,  so  that  a  consid- 
erable number  of  the  augites  are  brought  into  the  field  at  once.  The 
exact  nature  of  the  white  augite  is  not  known.  It  occurs  very  com- 
monly throughout  the  diabase  of  the  Connecticut  valley  area.  It  is 
also  found  in  occurrences  of  diabase  in  Sweden,  in  northern  England, 
at  Kio  Janeiro,  Brazil,  and  in  Nova  Scotia.  It  was  formerly  supposed 
that  the  mineral  was  the  same  as  that  variety  of  pyroxene  found  at 
Sala,  in  Sweden,  and  hence  called  salite.  From  this  the  rock  has  often 
been  called  salite  diabase.*  Recently,  however,  E.  O.  Hovey  ^  has  inves- 
tigated the  salite  from  Sala  and  has  found  that  the  angle  of  the  optic 
axes  in  air  2Eg^  =  112°  30',  while  the  mineral  under  discussion  is  char- 
acterized by  a  remarkably  small  angle  for  a  pyroxene  2E^  =  32^  39' 
(Brazil),  34°  47'  (Halleberg,  in  Sweden).  Hence  it  can  not  be  salite,  and 
this  name  should  no  longer  be  given  to  this  variety  of  diabase.  The 
mineral  has  a  good  prismatic  cleavage  and  also  a  pronounced  cross 
parting  parallel  to  the  base.  It  is  sometimes  twinned  with  a  (KK))  as 
the  twinning  plane.  It  is  more  idiomorphic  than  the  brown  variety, 
aiid  therefore  older.  It  suffers  from  alteration  much  more  easily  than 
the  brown,  and  while  the  latter  is  very  fresh  the  colorless  one  is  every- 
where beginning  to  be  attacked  by  processes  which  are  converting  it 
into  a  fibrous  serpentine-like  substance.  This  fact  also  helps  to  distin- 
guish it  from  the  brown.  In  this  respect  the  section  is  a  very  instruct- 
ive one,  as  it  shows  very  clearly  how  such  processes  of  alteration  by 
weathering  go  on,  whereby  minerals  rich  in  magnesia  are  converted 
into  serpentine-like  substances. 

The  process  begins  on  the  outside  and  works  inward,  or  it  starts  from 
cleavage  cracks,  which  have  enabled  the  capillary  moisture  to  creep 
into  the  mineral,  and  works  from  both  sides.  The  first  stage  consists 
in  the  production  of  a  number  of  fine,  parallel,  colorless  fibers  which 
pass  from  the  edge  or  crack  into  the  mineral.  They  look  like  a  series 
of  fine  parallel  scratches  on  the  surface  of  the  otherwise  unaltered 


1  See  KoseDbusch,  MasH.  (jest.  1887,  ]>.  202. 

»  Tfloliemiak'B  Min.  Mitt.,  vol.  13,  p.  218.    1893.    Also  p.  213. 
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mineral,  and  are  to  be  seen  best  with  very  high  powers.  From  this 
stage  they  grow  more  and  more  numerous,  until  finally  that  portion  of 
the  mineral  attacked  is  converted  into  a  cloudy  opaque  substance  of  a 
brownish  or  yellowish  color. 

The  brown  pyroxene  is  of  the  usual  aluminous  variety  of  augite  found 
in  diabases.  It  is  generally  much  fresher  than  the  white.  It  has  a 
much  larger  optic  angle.  Both  varieties  have  a  large  angle  of  extinc- 
tion in  sections  parallel  to  &(010)  or  nearly  so,  which  sections  are  easily 
told  by  the  high  polarization  colors  they  exhibit.  The  brown  variety 
has  an  excellent  prismatic  cleavage,  a  very  poor  parting  parallel  to 
2»(010),  wbicli  may  be  occasionally  observed,  and  a  much  better  one 
parallel  to  a(lOO),  on  which  face  it  is  also  frequently  twinned. 

The  pyroxenes  in  this  rock  have  been  chemically  investigated  by 
Hawes.  He  did  not  know,  however,  that  there  were  two  species  present, 
and  the  analysis  probably  represents  a  mixture  of  both  of  them.  The 
material  probably  contained  also  a  little  feldspar.  It  is  of  value,  how- 
ever, for  it  shows  the  nature  of  the  average  augitic  component  of  the 
rock  and  enables  us  to  determine  the  average  composition  of  the  feldspar 
from  the  mass  analysis. 

Analysis  of  pyroxene  of  West  Rocky  New  Haven,  Connecticut;  by  G,  W.  Hawes, 


SiO,  (silica) 

AI4O3  (alumina) 

FeO  (ferroas  oxide) 

MnO  (maoganoas  oxide) 

CaO  (lime) 

MeO  (magnesia) 

Ignition 

1,        Halkalies  and  loss  by  difference) 
Total 


Per  cent. 

60.71 
3.55 

IS.  SO 
.81 

13.35 

13.63 
1.17 

1.48 


100.00 


The  analysis  does  not,  of  course,  yield  ratios  wliich  can  be  construed 
into  satisfactory  formulas.  It  must  stand,  however,  until  means  for 
the  separation  of  the  two  pyroxenes  have  been  devised,  which  has  not 
yet  been  successfully  done. 

The  plagioclase  feldspar  occurs  in  the  shape  of  intergrown  laths, 
sometimes  long  and  slender,  sometimes  short  and  broad,  which  may 
attain  a  length  of  1™™.  It  is  clear,  colorless,  and  very  fresh.  Twin- 
ning according  to  the  albite  law  invariable;  according  to  the  Carlsbad 
law  very  common;  pericline  twinning  also  occurs,  but  is  much  less 
common. 

The  chemical  and  microscopic  work  of  Hawes  and  Dana  had  early 
shown  that  the  general  composition  of  the  feldspar  was  that  of  labra- 
dorite.  Later,  Hawes,  by  means  of  separations  made  by  heavy  liquids, 
showed  that  the  feldspars  in  a  similar  diabase  from  Jersey  ^^^^  ^^"^^ 
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sisted  of  labradorite  and  andesite.  Since  in  a  dike  cutting  West  Bock 
there  occurred  phenocrysts  which  analysis  proved  to  be  anorthite, 
Hawes  seems  to  have  concluded  that  there  was  also  more  than  one 
feldspar  present  in  the  West  Eock  diabase,  and  that  therefore  it  was 
made  up  of  a  mixture  of  anorthite  and  albite  feldspars,  not  of  mixtures 
of  these  constituting  intermediate  species,  as  in  the  Jersey  City  diabase. 
This  singular  idea  was  justly  and  promptly  combated  by  the  late  Prof. 
J.  D.  Dana. 

As  a  matter  of  fact,  the  feldspars  do  belong  to  intermediate  species, 
and  range  from  a  rather  basic  labradorite  to  andesite,  or  say  from 
AbjAua  to  Ab3Aii2.  This  would  give  them  as  an  average  the  composi- 
tion of  an  acid  labradorite,  which  is  exactly  what  the  chemical  work 
calls  for. 

The  section  is  very  well  adapted  for  the  study  of  the  plagioclases 
according  to  the  excellent  methods  elaborated  by  Michel  L^vy  ^  and 
Fouqu^,^  based  on  optical  properties. 

Thus,  if  sections  oriented  in  the  zone  of  a  (100)  on  c  (001),  which  are 
easily  told  by  their  equal  illumination  of  the  albite  twins  when  the 
twinning  plane  coincides  with  the  cross  hairs  or  is  45^  from  it,  are 
studied,  the  angles  of  extinction  are  found  to  be  large,  usually  above 
20°,  and  therefore  indicative  of  a  basic  feldspar.  Such  sections  may 
be  easily  recognized  by  the  disappearance  of  the  albite  twinning  in  the 
450  position,  while  in  parallel  position  to  the  cross  hairs  the  twinning 
lamella?,  though  equally  illumined,  are  separated  by  fine,  black  hair 
lines  of  the  sutures.  The  45^  position  offers  the  best  method  of  dis- 
crimination between  the  albite  and  Carlsbad  twinning,  the  former 
disapi)earing  and  the  latter  becoming  very  evident,  especially  in  the 
basic  feldspar. 

A  number  of  such  sections  were  selected  and  measured,  of  which  the 
following  will  serve  as  examples: 


Angles  of  extinction  of  lahradoritea. 


Albite  twin  1  . . 
Albite  twin  1'.. 
Carlsbad  twin  2 


No.l.  I   No.  2. 


35 
35 
22 


15 
15 

40  i 


20 

18 

6 


X0.3.  I  No.  4. 


25 

27 

3 


No.  5. 


30 
30     I 


Keferring  now  to  the  tables  given  by  ]\[icliel  L^vy,  it  will  be  seen 
that  No.  1  is  that  of  a  labradorite  of  about  the  coini)osition  Ab2An;;, 
and  that  the  section  is  inclined  about  10^  from  a  (TOO)  on  c  (001).  No.  2 
is  that  of  a  labradorite  a  little  more  basic,  the  section  cut  inclined  40^ 
from  a  (100)  on  c  (001).  No.  3  is  a  labradorite,  AbiAna,  the  section  cut 
about  500  from  ^  (001)  toward  a  (100).    No.  3  has  the  composition  of 


■  D(tt«rminatioD  dea  feldspaths,  Paria,  1894. 

*L'itu(\e  des  feldspaths  des  rochea  rolcaniqnM,  Paris,  1894. 
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about  Ab^Ana,  the  section  being  cat  abont  65^  from  a  (100),  sloping 
toward  o  (001).  No.  4  is  AbiAua,  the  section  inclined  50^  from  a  (lOO) 
on  c  (001).  No.  5,  which  does  not  show  the  Carlsbad  twinning,  indi- 
cates a  probable  labradorite. 

It  will  be  noticed  that  the  feldspars  are  frequently  zonally  built 
Often  ill  such  sections  as  those  mentioned  above  this  is  shown  by  a 
decreasing  angle  of  extinction  from  center  to  periphery.  If  sections 
are  chosen  for  study  parallel  to  b  (010),  this  is  still  more  marked,  and 
extinction  angles  referred  to  the  trace  of  the  cleavage  parallel  to 
c  (001)  will  be  found  to  vary  from  20^  to  10^  (negative  direction),  or 
from  basic  labradorit'es  to  andesites.  It  must  be  said,  however,  that 
everjrthing  indicates  that  labradorite  is  by  far  the  predominant  type  of 
feldspar  in  this  rock. 

The  small  amount  of  potash  in  the  rock,  shown  by  the  analysis,  indi- 
cates a  little  orthoclase  to  be  present.  The  chance  of  recognizing  a 
scattered  grain  or  two  in  the  section  is  naturally  very  small,  but  as 
the  mineral  mostly  occurs  associated  with  quartz  in  micropegmatite 
intergrowths  it  is  easily  seen.  These  intergrowths  will  be  found  in 
little  angular  interspaces  between  the  laths  of  labradorite.  They  can 
be  studied  only  by  the  use  of  moderately  high  powers,  and  though  well 
distributed,  are  not  very  common.  Sometimes  a  little  quartz  alone 
will  be  found  in  the  interspaces.  This  micropegmatitic  intergrowth 
of  quartz  and  feldspar,  or  of  quartz  alone,  is  the  very  last  product  of 
crystallization  in  the  rock. 

Biotite  will  only  very  rarely  be  found  in  the  section,  and  may  be 
wanting.  It  may  sometimes  occur  as  an  irregular  small  leaflet  of  the 
usual  brown  color  and  strong  pleochroism.  Sometimes  it  is  bleached 
to  a  greenish  color,  but  more  often  it  is  changed  into  chlorite. 

The  distinct  idiomorphic  lath-shaped  form  of  the  plagioclase  is  char- 
acteristic for  diabases,  and  it  conditions  angular  interspaces  which  are 
sometimes  filled  with  augite,  sometimes'with  glass,  and  sometimes  with 
greenish  fibrous  material  held  to  be  chlorite.  The  occurrences  of  these 
masses  has  been  called  mesostasis.  The  exact  nature  of  the  greenish 
substance  is  not  known.  It  has  received  the  name  of  viridite  and 
chlorapitCy  which  are,  of  course,  only  a  cover  for  ignorance  and  under 
which  various  substances  are  thrown  together. 

In  the  West  Rock  diabase  it  will  be  found,  on  studying  the  section 
with  a  high  power,  that  the  angular  interspaces  between  the  feldspars 
are  frequently  filled  with  material  of  this  kind.  It  occurs  in  fibers, 
sometimes  packed  in  bundles  which  extinguish  simultaneously,  some- 
times in  divergent  or  radial  masses,  often  in  intertwined  irregular  little 
clumps.  It  will  be  noted  to  have  a  pale-greenish  to  yellowish  color.  It 
extinguishes,  so  nearly  as  can  be  told,  parallel  to  the  fibers,  and  they 
are  extended  in  an  optically  positive  direction.  The  maximum  double 
refraction  of  the  quartz  in  one  section  reached  a  tone  of  very  pale 
yellow,  which  shows  that  the  section  has  a  thickness  of  .OS"*™  (the 
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average  tbickDess  of  the  sections).  In  this,  the  fibers  under  discussion 
attain  a  double  refraction  color  of  a  brilliant  yellow  inclining  to  orange. 
This  shows  the  maximum  double  refraction  of  the  mineral  to  be  about 
0.012,  and  therefore  that  it  is  not  the  ordinary  variety  of  chlorite  com- 
monly found  in  eruptive  rocks  and  frequently  an  alteration  product  of 
mica,  as  the  latter  has  an  extremely  low  double  refraction.  With  the 
means  at  present  available  it  can  not  be  said  what  the  precise  nature 
of  this  substance  is;  it  resembles  members  of  the  chlorite  group  of 
minerals  in  many  respects,  and,  as  suggested  by  Bosenbusch,'  is  best 
designated  as  the  <'  chlorite-like  substance."  Its  derivation  from  augite 
as  an  alteration  product  seems  clear  from  study  of  the  section.  It  is 
found  around  it,  and  in  many  interspaces  the  ratio  of  the  amount  of 
the  mineral  is  inversely  proportional  to  that  of  the  augite. 

The  structure  of  the  rock  is  conditioned  by  the  amount  and  order  of 
formation  of  its  chief  components  and  the  conditions  under  which  they 
crystallized.  Pyroxene  and  labradorite  are  the  chief  constituents — all 
others  in  amount  compared  with  them  are  insignificant — and  they  give 
the  rock  its  character.  Of  them,  the  white  pyroxene  crystallized  first, 
followed  by  labradorite,  and  finally  the  brown  augite.  The  latter  began 
crystallizing,  however,  before  the  labradorite  had  finished.  It  is  this 
crystallization  of  the  labradorite  in  idiomorphic  lath-shaped  forms,  filled 
in  and  surrounded  by  the  brown  pyroxene,  that  gives  to  diabase  its 
characteristic  structure,  termed  "ophitic"  by  the  French  and  well- 
named  "intersertal  structure"  by  Zirkel.  The  West  Bock  diabase 
shows  this  very  well,  but  not  in  so  marked  a  degree  as  may  at  times  be 
found. 

The  chemical  composition  of  the  rock  has  been  carefully  studied  and 
discussed  by  Hawes,  to  whom  we  owe  the  following  analysis  of  the 
West  Eock  diabase : 


AnalyHs  of  West  Bock  diabt^e,  Xeio  Haven^  Connecticut, 


'  MaBsige  Gesteine,  1887,  p.  183. 
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This  analysis  expresses  very  clearly  what  the  stndy  of  the  section 
has  already  indicated — ^the  large  amount  of  ferromagnesian  minerals, 
shown  by  the  high  iron,  lime,  and  magnesia,  and  that  the  feldspar 
must  at  least  be  a  plagioclase  of  medium  basicity,  shown  by  the  great 
preponderance  of  lime  over  soda.  The  small  amount  of  potash  shows 
that  orthoclase  can  be  present  only  in  very  limited  amount,  while  the 
titanic  oxide  shows  that  part  of  the  iron  ore  must  be  present  as 
ilmenite. 

Hawes  ^  on  the  basis  of  his  analyses  has  calculated  the  proportion 
by  weight  in  which  the  various  minerals  enter  into  the  composition  of 
the  rock.  With  some  rearrangement,  this  is  shown  in  the  following 
table: 

Minerah  c&mpoHng  the  West  Rook  diabase. 


nmenite 

Magnetite 

Augite 

Plagioolane  (labradorite  and  andetite) 

Orthoclase 

Apatite 

Total 


Per  cent. 

2.7 

1.8 

54.5 

37.7 

2.3 

.3 

99.3 


The  above  expresses  the  average  composition  very  well ;  a  minute 
amount  of  quartz  is  neglected,  as  are  also  the  products  of  alteration. 

The  rock  from  West  Rock  is  a  normal  diabase,  consisting  chiefly  of 
labradorite  and  augite;  the  minerals  in  one  generation  arranged  in 
intersertal  structure.  It  is  of  rather  fine  grain  and  quite  fresh.  It  is 
distinguished  by  containing  an  augite  of  a  light  color  in  addition  to  the 
.ordinary  augite  of  such  rocks. 

Literature  of  the  diabase  of  the  New  Haven  retfion, 
Daxa,  J.  D.  : 

Trans.  Conn.  Acad.  Sci.,  vol.  2,  p.  45,  1870.     Amer.  Jonr.  Sci.,  3d  eer.,  vol.  6, 
p.  104,  1873;  vol.  22,  p.  230, 1881 ;  vol.  42,  pp.  79  and  439,  1891 ;  vol.  44,  p.  165, 
1892.     Manual  of  Geology,  4th  edition. 
Dan^,  E.  S.  : 

Proc.  Am.  Asaoc.  Adv.  Sci.,  23d  meeting,  Aug.,  1874 ;  Sec.  B.,  p.  45.   Abs.  of  same, 
Am.  Jour.  Sci.,  vol.  8,  p.  390,  1874. 
Davis,  W.  M.  : 

Seventh  Ann.  Rept.  U.  8.  Geol.  Survey,  p.  455, 1885-86.     Am.  Jour.  Sci.,  vol.  32, 
p.  342, 1886 ;  vol.  37,  p.  423, 1889.     Bull.  Mus.  Comp.  Zool.  Harvard  Coll.,  vol. 
XVI,  No.  6,  Dec,  1889. 
Frazer,  p.  : 

Second  Geol.  Surv.  Pa.,  Vol.  C,  p.  118,  1874. 
Hawes,  G.  W.  : 

Am.  Jour.  Sei.,  3d  fw»r.,  vol.  9,  p.  im,  1875.     Proc.  IT.  8.  Nat.  Mns.,  1881,  p.  129. 
HovKY,  E.  O. : 

Am.  Jour.  Sti.,  vol.  38,  p.  361,  1889. 


'  Proc.  IT.  8.  Nat.  Mii«.,  1881,  p.  132. 


Bull.  ISO- 
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No.  107.  Olivine-diabase. 

(From  Pigeon  Point,  Cook  Cottntt,  Minnesota.    Described  by  W.  S.  Baylky.) 

No.  107  is  a  representative  of  the  rock  that  has  always  been  called 
an  olivine-gabbro  in  the  writings  of  students  of  Lake  Superior  geology.* 
The  specimen  was  obtained  from  the  north  shore  of  Pigeon  Point, 
the  northeastern  extremity  of  Minnesota.  Here  the  rock  occurs  as  a 
large  dike-like  mass,  cutting  Huronian  slates  and  quartzites.  Its  best 
exposures  are  on  the  north  shore  of  the  point  at  the  water's  edge, 
where  the  rock  forms  high  cliffs  whose  face  is  always  kept  perpendicular 
through  the  action  of  frost,  which  penetrates  joint  cracks,  and  by  the 
force  of  its  expansion  loosens  large  blocks  that  fall  to  the  base  of  the  cliff 
and  there  form  a  talus  of  fresh  material.  It  is  from  one  of  the  freshest 
of  these  blocks  that  the  specimen  in  the  collection  was  taken. 

The  rock  is  a  medium-grained,  gray,  crystalline  aggregate,  in  which 
two  coinponents  may  easily  be  extinguished.  One  of  these  is  a  white  or 
nearly  colorless  mineral  with  glistening  cleavage  faces,  often  occurring 
in  long,  narrow  crystals,  upon  whose  surfaces  may  usually  be  detected 
longitudinal  striations.  Its  color,  cleavage,  and  structure  indicate  a 
plagioclase.  The  other  component  macroscopically  distinguishable  is  a 
jet-black  substance  also  possessing  glistening  cleavages.  Under  favor- 
able circmistances  this  substance,  which  is  a  pyroxene,  may  be  seen  to 
surround  the  feldspar  crystals  in  such  a  way  that  the  latter  appear 
embedded  in  the  former.  Close  inspection  of  the  specimen  will  also 
discover  small  areas  of  a  finely  granular  texture  and  of  a  yellowish 
tinge.  These  areas  consist  chiefly  of  olivine.  From  a  macroscopic 
examination,  then,  we  learn  that  the  rocjk  is  a  nonporphyritic,  crystalline 
aggregate  of  augite  and  plagioclase;  in  other  words,  that  it  is  either  a 
diabase  or  a  gabbro.  The  long,  narrow  development  of  the  plagioclase 
suggests  a  diabase.^ 

The  density  of  the  rock  varies  between  2.927  and  2.970,  according  as 
the  specimen  investigated  contains  a  larger  or  smaller  proportion  of 
feldspar.  Its  chemical  composition,  as  found  by  Mr.  W,  F.  Hillebrand, 
is  as  follows : 


»Ang.  Streng,  Nene^  Jahrb.  f.  Min.,  etc..  1877,  pp.  113-138;  R.  D.  Irving,  Geol.  of  WisconBin.  Vol. 
III.  pp.  168-183;  Alex.  Julieii:  Geology  of  WiacoDsin.  Vol.  Ill  (1880),  pp.  233-2.38;  R.  D.  Irving,  The 
copper-beariDg  rockH  of  Lake  Superior,  Mon.  U.  S.  Geol.  Survey,  Vol.  V,  pp.  37-50. 

'Although  the  gpcciuien  in  the  collection  is  not  porphyritic,  in  certain  areas  on  Pigeon  Point  the 
same  rock  is  so  developed  that  porphjTitic  crystaln  even  6  or  7  inches  in  length  are  not  uncommon. 
The  crystals  are  exactly  similar  to  the  crystals  of  plagioclase  in  the  groundmass  of  the  rock,  exce|K 
in  point  of  size. 
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Jnaly9i8  of  olivine'diahase  from  Pigeon  Point,  Minneeota. 


SiOa 49.88 

TiO, ■'  1.19 

ZrO  J ■  none 

AljO,.... 18.55 


Fe,0, 

FeO.. 

MnO.. 

CaO.. 

SrO.. 

RaO  . 

MgO. 

KaO.. 

Na,0  . 

Li/). 

H,0  . 

CI.... 


Total 


2.0« 

8.37 

.09 

9.72 

trace 

.«»2 

5.77 

.68 

2.59 

none 

1.04 

O.IG 

trace 


100. 12 


Its  thin  section,  when  examined  uu<ler  the  microscope,  is  seen  to  be 
composed  essentially  of  the  three  minerals  above  mentioned,  viz, 
plagioclase,  olivine,  and  augite.  The  plagioclase  comprises  about  GO 
per  cent  of  the  sections.  In  ordinary  light  it  appears  as  a  colorless 
groundmass  in  which  everything  else  lies  embedded.  Under  crossed 
nicols  this  apparently  homogeneous  matrix  breaks  up  into  numerous 
long,  narrow  crystals,  ranging  in  length  from  1  to  2()'""\  Each  of  these 
is  composed  of  a  number  of  smaller  individuals  which,  by  their  union, 
often  give  rise  to  broad  lath  shaped  forms,  like  those  so  characteristic 
of  some  of  the  European  gabbros,  notably  those  from  Volpersdorf,  in 
Silesia,  and  from  the  Harz.*  Each  of  the  smaller  crystals  is  polysyn- 
thetically  twinned  .according  to  the  albite  law,  in  which  the  brachypina- 
coid  (x  P  (3b)  is  the  twinning  plane,  and  often  two  of  them  unite  to  form 
a  Carlsbad  twin  with  the  macropinacoid  (»  P  ob)  as  the  twinning  plane 
and  the  brachypinacoid  (x  P  a)  as  the  composition  face.  The  material 
of  the  crystals  is  very  fresh,  and  is  often  almost  as  glassy  as  tlie  feld- 
spar of  modern  volcanic  rocks.  It  contains  as  inclusions  only  a  few 
particles  of  dust  and  minute  flakes  of  brightly  polarizing  fibrous 
ka4>lin,  except  in  those  rare  cases  where  slight  alteration  has  developed 
a  larger  quantity  of  the  latter  mineral,  when  the  feldspar  substance 
becomes  cloudy,  and  under  crossed  nicols  is  observed  to  be  full  of 
little  needles,  showing  brilliant  polarizing  colors. 

The  polysynthetic  twinning  lamellse  noticed  in  nearly  eviBry  piece  of 
the  feldspar  would  lead  to  the  suspicion  that  this  is  a  plagioclase,  but 
their  occurrence  is  not  positive  proof  of  this,  as  a  repeated  growth  of 
Carlsbad  twins  would  give  rise  to  the  same  phenomenon.  The  angles 
made  by  its  two  systems  of  cleavage  lines,  however,  are  85°  and  95°  on 


>  BosenbasGh,  HikroskoplBcbe  Pby%Vog;c«iek\A«,\l%'^^^%^*^^* 
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tlie  macropinacoid,  and  the  cleavages  are  never  at  right  angles  to  each 
other  in  any  sections.  Moreover,  the  maximum  symmetrical  extinction 
of  lamellae  on  each  side  of  a  twinning  line  is  24^.  These  results  indi- 
cate a  triclinic  feldspar  belonging  in  the  lower  portion  of  the  labra- 
dorite  group.^  If  a  fragment  of  the  rock  is  powdered  and  sifted,  and  its 
constituents  are  separated  by  means  of  one  of  the  heavy  solutions  used 
for  this  purpose,  it  will  be  found  that  most  of  the  plagioclase  will  fall 
when  the  density  of  the  solution  is  between  2.700  and  2.716.  If  a 
portion  of  the  material  that  fiills  at  2.700  be  analyzed,  it  will  give 
the  figures  in  column  I.  In  column  II  is  given  for  comparison  the 
composition  of  a  labradorite^  of  the  formula  Ab3An4,  and  in  III  that 
of  a  plagioclase^  with  a  specific  gravity  2.700,  from  a  European  locality. 

Analyses  of  plagioclases  of  olivine-diahase. 


SiO, 

AljOa 

Fe,0, 

CaO 

Na,0 

Total.... 
Specific  gravity 


1. 

53.75 

30.39 

1.26 

10.84 

3.76 

100.00 

2.700 

11.70 
4.90 


100.  UO 
2.703 


It  will  thus  be  seen  that  the  density  and  the  chemical  composition  of 
the  mineral,  as  well  as  its  optical  and  physical  properties,  agree  very 
well  with  those  of  a  basic  labradorite  consisting  of  a  mixture  of  three 
albite  molecules  and  four  of  anorthite. 

Tbe  olivine  constitutes  about  a  tenth  of  the  rock.  It  is  undoubtedly 
older  than  the  augite,  since  it  is  surrounded  by  this  mineral  (see  PI. 
XXXVIII,  A)y  and  is  probably  older  than  most  of  the  labradorite, 
although  in  a  few  instances  it  may  be  seen  to  include  portions  of  crys- 
tals of  the  feldspar.  Its  period  of  crystallization  must  have  overlapped 
that  of  the  plagioclase,  i.  e.,  while  the  chief  portion  of  the  olivine 
separated  from  the  magma  before  the  feldspar  had  begun  to  form,  a 
small  portion  of  it  solidified  after  the  labradorite  began  to  crystallize- 
The  mineral  is  in  rounded  grains  of  a  light  yellowish-green  color.  It 
has  a  high  index  of  refraction  and  consequently  a  rough  surface,  and  is 
traversed  by  irregular  cracks  filled  with  green  decomposition  products. 
Excepting  the  feldspar  crystals  included  in  the  olivine  above  referred 
to,  no  inclusions  other  than  dust  like  particles,  like  those  in  the  feld 
spar,  and  certain  green  acicular  secondary  substances  are  met  with 
in  it.  In  but  very  few  sections  does  the  olivine  remain  unaltered. 
In  even  the  freshest  varieties  a  little  chloritization  has  taken  place, 
and  this  shows  itself  as  a  green  rim  around  the  edge  of  the  grains 
and  in  the  cracks.  The  small,  brown,  strongly  pleochroic  flakes,  with 
a  well-marked  cleavage,  sometimes   intermingled  with    the  chlorite, 


'  It)(]iDg»'»  Roaenbnscirs  Microscopical  Phj-8i*»gra]»hy,  p.  300. 
^Schuatfr,  Tachermak 's  Min.  u.  Petrog.  MittU.,  Ill,  1880,  p.  153. 
'  Tacbermak,  SitzuDgaher.  d.  K.  Akad. "Wiw.  (Jtily  l,\W^>,'BaiiiV\.^,  K^iV.lA%"<>^p.  145. 
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are  biotite  plates,  produced,  like  the  cblorite,  by  decomposition  of 
the  olivine,  and  the  bunches  of  dark-green  fibers  that  penetrate  the 
fresh  mineral  are  probably  some  form  of  hornblende. 

Th(»  youngest  of  the  essential  components,  augite,  is  entirely  allotri- 
omorphic.  It  fills  the  interstices  between  the  other  constituents,  and 
thus  has  its  contours  molded  by  these.  (See  Fig.  A,  PI.  XXXVIII.) 
Often  several  feldspar  laths  are  included  in  a  single  augite  plat^e,  which, 
when  broken,  reflects  the  light  uniformly  from  its  surface,  leaving  dull 
areas  in  those  places  occupied  by  the  feldspar.  This  kind  of  inter- 
growth  gives  rise  to  what  is  known  macroscopically  as  luster  mottling.^ 
The  microscojiic  structure  produced  by  it  has  been  denominated  poeci 
litic'  The  greater  part  of  the  augite  is  perfectly  fresh,  and,  like  the 
feldspar  and  tlie  olivine,  it  contains  no  true  inclusions  other  than 
the  dust  like  particles  scattered  throughout  its  mass.  Its  color  is 
purplish-pink,  with  a  faint  pleochroism;  the  it  and  c  rays  being  a 
deep  purplish-pink,  in  highly-colored  pieces,  and  the  b  ray  yellowish- 
gray.  The  two  series  of  prismatic  cleavage  lines  are  very  distinct  in 
pieces  cut  parallel  to  the  basal  plane,  where  they  make  the  usual 
pyroxene  angles  of  87^  and  93o.  In  other  sections  they  form  a  series 
of  parallel  lines  that  are  sometimes  gently  curved  as  ihe  result  of 
pressure.  (See  a,  PI.  V,  Bull.  V.  S.  Geol.  Survey,  No.  100.)  The 
diallagic  parting  parallel  to  the  ortho])inacoid  is  only  rarely  seen. 
The  extinction  on  plates  cut  parallel  to  the  clinopinacoid  is  44^  against 
the  single  cleavage. 

The  augite  of  nearly  all  Lake  Suptrior  rocks  is  uniformly  tinged  with 
purple,  whereas  that  of  foreign  rocks  is  generally  greenish,  so  that 
some  explanation  must  be  sought  for  the  difference.  Knop,^  who  made 
an  exhaustive  study  of  the  augite  of  the  Kaiserstuhl  in  Baden,  found 
that  all  the  varieties  of  this  mineral  rich  in  titanium  and  poor  in  iron 
have  a  purple  color  in  thin  section.  Although  investigations  in  other 
regions  do  not  fully  substantiate  Knop's  conclusion,  it  is  interesting  to 
note  that  the  purple  augite  in  the  Pigeon  Point  rock  contains  a  large 
percentage  of  titanium  and  a  comparatively  small  proportion  of  iron. 
A  partial  analysis  of  the  augite  powder  separated  from  the  sj)ecimen 
was  made  in  the  laboratory  of  the  United  States  Geological  Survey  by 
li.  B.  Kiggs.    His  figures,  indicating  a  very  pure  diallage,  are  : 

AvaltjHia  of  diallage  of  olirine-diabase  from  Pigeon  Pointy  Minnesota. 


SiO,  . 
AlaOj 
Fe,0, 
FeO.. 
CaO.. 
MgO. 
TiO,. 


' 

Per  cent. 

48.34 

2.90 

4.68 

14.15 

15.10 

11.34 

1.98 

>R.  Pnmpelly,  Proo.  Araer.  Acad.  Adv.  Scl.,  XIII,  p.  200;  and  R.  D.  Irvlnj;,  Copper-beA.Tlw^  xva^sJ*.-*.^ 
p.  42. 
«G.  H.  WillianiA:  Am.  Joiir.  Scl.,  Sd  series,  Vol.  XXXI,  1886,  p. ^Q, 
*Grotb'B  ZettMch.  f.  Kryat.,  X,  p.  58. 
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In  addition  to  the  essential  components,  the  rock  contains  only  apa- 
tite and  titaniferoas  magnetite  as  primary  constituents.  The  apatite 
is  only  sparingly  present  in  long,  narrow,  colorless  crystals,  with  a 
parting  parallel  to  the  base.  The  magnetite  appears  both  in  idiomor- 
phic  and  in  allotriomor|)hic  forms,  the  latter  predominating.  A  large 
namber  of  the  grains,  especially  in  slightly  altered  specimens,  are 
surrounded  by  rims  of  reddish  brown  mica,  and  not  a  few  show  the 
beginning  of  an  alteration  into  cloudy-white  or  gray  leucoxene.  A 
little  quartz  and  a  few  flakes  of  brown  and  red  biotite,  strongly  pleo- 
chroic  masses  of  green  chlorite,  and  some  undeterminate  substances, 
filling  cracks  in  the  essential  components  and  occupying  corners 
between  them,  may  be  found  in  some  sections.  The  quartz  is  in  micro- 
pegmatitic  intergrowths  with  feldspar;  the  biotite  is  an  alteration 
product  of  olivine,  augite,  and  magnetite,  and  the  chlorite  a  product  of 
the  decomposition  of  the  first  two  of  these. 

As  has  already  been  stated,  the  rock  has  been  pronounced  a  gab- 
bro  by  all  geologists  who  have  studied  it.  Its  pyroxene  has  the 
composition  of  diallage,  and  it  sometimes  possesses  the  orthopina- 
coidal  parting  characteristic  of  this  mineral.'  Its  structure,  how- 
ever, is  more  nearly  that  of  the  diabases  than  of  the  gabbros  (see  PI. 
XXXVIII,  A),  Its  plagioclase  is  in  lath-shaped  crystals,  embedded 
in  augite,  so  that  its  texture  is  not  granitic,  but  ophitic.  The  texture, 
then,  if  alone  considered,  would  place  the  rock  with  the  diabases,  while 
its  mineralogic  composition  would  place  it  among  the  gabbros.  Recent 
iuvestigations  have  shown  that  many  holocrystaliiiie  basic  rocks,  which 
no  one  would  for  an  instant  regard  as  gabbros,  contain  typical  diallage. 
Therefore  the  possession  of  this  constituent  is  not  characteristic  of 
gabbros;  so  there  remains  only  the  structure  as  a  means  of  distinguish- 
ing between  these  rocks  and  the  diabases.  Professor  Judd*  has  sug- 
gested that  we  limit  the  term  gabbro  to  those  rocks  composed  of 
l)higioclase  and  pyroxene,  that  possess  the  granitic  structure,  i.  e., 
that  have  their  constituents  developed  in  approximately  equal  sized 
grains,  without  crystal  contours,  and  that  we  designate  as  diabases  all 
rocks  of  this  composition  in  which  the  structure  is  ophitic.  According 
to  this  view,  the  I'igeon  Point  rock  is  a  coarse  grained  olivine- diabase.^ 

No.  108.  Gabbro. 

(From  Mount  Hopk,  Baltimore  County,  Maryland.    Abstract  i»y  .1.  P.  Iddinc.s 

FROM   THE   DESCRII'TION   BY   G.  H.  WiLLIAMS.) 

The  occurrence  and  petrographical  characters  of  this  gabbro  have 
been  fully  described  by  the  late  Prof.  George  H.  Williams,  and  it  will 


'For  a  r^suiu6  of  the  opinionH  of  difleront  iuvcBtigatorH  on  the  value  of  theorthopinacoidal  i>art 
iug  as  a  characterintic  of  dialhigo,  as  diHtinguinbing  it  from  augite,  see  Wadsworth,  Bull.  Xo.  2,  Geol. 
and  Xat.  Hist.  Survey,  Minnesota,  pp.  55-57. 
'Quart.  Jour.  Geol.  Sot-.  London,  1885,  pp.  354-418. 

'J'^or a  fuDor  description  of  the  rock,  both  in  its  fresh  and  altered  condition,  see  W.  S.  Bayley,  The 
eniptJvo  Riul  »ofIiwfntHry  rocks  of  Pigeon  Point, MinuttAOta,  and  their  contact  phenomena :  Bull.  U,  S. 
O'eol  Surrey  Nu.  109,  1893. 
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oiily  be  necessary  to  quote  what  he  has  published  ou  the  subject  in 
Balletin  28  of  the  United  States  Geological  Survey,  which  is  entitled, 
The  Gabbros  and  Associated  Hornblende  Eocks  Occurring  in  the 
Keighborhood  of  Baltimore,  Maryland.  To  this  paper  the  student  is 
referred  for  fuller  details  thau  can  be  given  in  this  place. 

The  gabbro  is  well  exposed  in  a  railroad  cut  at  Mount  Hope  Station 
ou  the  Western  Maryland  Kailroad,  where  it  grades  into  homblende- 
gabbro-gneiss  (diorite). 

As  a  rule  the  two  rocks  alternate  with  each  other  in  every  direction — horizontally 
and  vertically — in  the  most  perplexing  manner,  and  it  is  frequently  impossible  to 
tell  on  the  spot  whether  a  given  specimen  is  gabbro  of  diorite  (hornbende-gabbro- 
gueiss).  .  .  .  Just  west  of  the  bridge  which  crosses  this  cutting  the  gabbro 
shows  a  decided  tendency  to  spheroidal  weathering  so  often  characteristic  of  basic 
massive  rocks.  [The  hypersthene  gabbro  and  the  hornblende-gabbro-gneiss  at  this 
place  are  clearly  one  geological  mass.] 

Excellent  exposures  of  the  hypers thene-gabbro  are  very  abundant  within  the 
Baltimore  area,  especially  iu  the  northern  poi*tion  of  it.  .  .  .  Perhaps  the  best 
place  to  obtain  fresh  and  typical  specimens  is  at  Mount  Hope  Station,  although  they 
may  be  secured  from  the  huge  bowlders  which  strew  the  surface  at  almost  any  spot 
within  the  area. 

The  rock  is  always  very  masHive  in  appearance,  rarely  exhibiting  the  banded  and 
nowhere  the  schistose  structure,  which  is  frequently  seen  in  the  associated  horn- 
blendic  rocks,  lis  irregular  polygonal  blocks  are  often  covered  with  a  thin  coating 
of  a  deep  red  color  duo  to  decomposition,  beneath  which,  however,  the  rock  is  sur- 
prisingly fresh.     .     .     . 

The  color  of  the  hypersthene-gabbro  is  on  the  whole  uniform,  although  it  may 
vary  from  a  purplish  black  to  gray. 

The  most  striking  feature  in  the  texture  of  the  unaltered  gabbro  is  the  repeated 
and  abrupt  change  in  the  coarseness  of  the  grain  which  is  seen  at  some  localities. 
This  plienouieuon,  as  is  well  known,  is  one  frequently  observed  in  very  ancient  mass- 
ive rocks  which  cover  considerable  areas.  .  .  .  Irregular  patches  of  the  coarsest 
kinds  lie  embedded  in  those  of  the  finest  grain  without  regard  to  any  order.  In 
other  cases  a  more  or  less  pronounced  banded  structure  is  produced  by  an  alterna- 
tion of  layers  of  different  grains  or  by  such  as  have  one  constituent  developed  more 
abundantly  than  the  other.  Such  bands  are  not,  however,  parallel,  but  vary  consid- 
erably in  direction,  and  show  a  tendency  to  merge  into  one  another,  as  though  they 
had  been  produced  by  motion  in  a  liquid  or  plastic  mass.     .     .     . 

The  mineral  constituents  of  the  gabbro  which  are  discernible  with  the  unaided 
eye  are  plagioclase,  diallage,  and  hypersthene.  A  black  hornblende,  which  is  brown 
in  transmitted  light,  is  also  sometimes  seen  in  good-sized  crystals,  and  has  every 
appearance  of  being  a  primary  component.  Magnetite  and  apatite  are  shown  by 
the  microscope  to  be  universally  present,  although  in  varying  quantities.  Olivine 
was  observed  in  only  one  specimen,  collected  near  Orange  Grove.  With  the  excep- 
tion of  certain  indeterminable  inclusions,  no  other  minerals  were  discovered  in  the 
wholly  unaltered  rock. 

The  grain  of  the  hypersthene  gabbro  is,  as  a  rule,  uniform  and  fine,  the  component 
minerals  averaging  from  1  to  2™™  in  diameter.  Exceptionally,  however,  the  grain 
becomes  coarser;  iu  a  few  specimens  the  individuals  of  pyroxene  and  feldspar  meas- 
ured from  '2r,  to  35°""  in  length.    The  coarsest  varieties  are  rarely  altogether  fresh. 

The  feldspathic  constitnent  of  the  hypersthene-gabbro  is  bytownite,  correspond- 
ing to  a  mixture  of  six  molecules  of  anorthite  with  one  of  albite.  Stanroscopic 
measurements  on  the  feldspar  extracted  from  a  Mount  Hope  specimen  of  the  gabbro 
gave  extinction  angles  (measured  against  the  cleavage  lines)  of — 16"^  to  — 19^  oilQ? 
(001)  and  of —28'^  to  —30^  on  ^^  Pdb  (010). 
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A  chemical  analysis  of  this  feldspar,  made  by  W.  S.  Bayley,  gave  the  following 
percentages : 

Jnaljfiis  of  feldspar  in  gabhro  from  Mount  HopCf  Maryland, 


SIO, 

Al/), 

CaO 

Na,Oa 

Totol 

Specific  gravity,  2.74. 


Percent. 

46.17 

36.23 

16.20 

2.31 

100.00 

a  Difference. 

In  the  above-mentioned  specimen  of  gabbro  from  Mount  Hope,  the  feldspar  con- 
stitutes somewhat  over  one-half  of  the  entire  mass.  This  may  perhaps  be  regarded 
as  a  fair  average,  although  great  variations  in  the  proportions  of  the  component 
minerals  caused  the  analyses  of  specimens  of  the  gabbro  from  different  localities  to 
differ  widely. 

The  feldspar  individuals  are  generally  quite  irregular  in  shape,  giving  rise  to  the 
granular  structure  which  is  characteristic  of  gabbro  in  contrast  to  diabase.  Rarely, 
however,  a  lath-shaped  crystal  indicates  a  slight  tendency  toward  theophitic  structure. 

When  seen  between  crossed  nieols,  the  feldspar  appears,  as  a  rule,  finely  striated. 
Sometimes  two  systems  of  striaB  are  seen  to  intersect  at  an  angle  of  nearly  90°.  In 
other  cases  the  striations  are  very  coarse  or  altogether  wanting,  in  which  case  the 
extinction  is  more  or  less  undnlatory  and  irregular.  [In  some  instances  the  stria- 
tions are  slightly  curved  or  bent,  as  though  by  dynamic  stress.    J.  P.  I.] 

The  minute  dust-like  inclusions,  which  are  so  common  in  the  feldspars  of  the 
older  basic  rocks,  are  admirably  developed  in  the  Baltimore  gabbros.  They  answer 
very  well  to  the  descriptions  given  of  tbera  in  rocks  from  other  localities  by  Zirkel, 
Hagge,  Hawes,  and  other  investigators.  When  viewed  with  a  low  magnifying 
power  the  plagioclase  appears  to  be  covered  with  a  fine  black  or  brown  dust,  which, 
under  the  highest  ma<:nifying  power,  is  resolved  into  a  mass  of  very  minute  opaque 
dots  and  lines.  The  arrangement  of  these  inclusions  is  such  that  the  needles  occupy 
the  center  of  the  crystal;  this  is  surrounded  by  a  zone  where  only  the  dots  or 
globulites  are  to  be  seen.  The  exterior  of  the  crystal  is  generally  free  from  inclu- 
sions of  any  kind.  Frequently  the  acicular  bodies  are  altogether  absent,  and  thus 
the  minute  dots  are  arranged  in  lines  which  indicate  the  position  of  the  twinning 
lamellie.  An  occasional  inclusion  of  another  kind,  like  a  iluid  cavity,  an  apatite 
crystal,  or  a  grain  of  magnetite,  is  surrounded  by  a  narrow  zone  which  is  quite 
free  from  the  dust-like  particles.  Neither  a  microscopical  nor  a  chemical  examina- 
tion served  to  give  any  clue  to  the  uiineralogical  nature  of  these  minute  bodies. 

The  diallage  is  the  constituent  of  the  gabbro  next  in  order  of  importance  to  the 
feldspar,  although  in  some  specimens  it  is  not  so  abundant  as  the  hypersthene.  The 
chemical  composition  of  this  mineral  fromaGwynns  Falls  specimen  is  as  follows: 

AnalysiH  of  diallatjc  of  (lahhro  from  Gwynns  Falls,  Maryland. 


I 


SiO, 

A1,0, 

FeO 

MnO 

CaO 

MgO 

Total 

Specific  /gravity,  3.26. 
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In  hand  specimens  the  diallage  appears  black,  but  when  seen  by  transmitted  light 
in  thin  sections  it  has  a  li^ht  green  color  and  exhibits  no  appreciable  pleochroism. 
This  constituent,  like  all  the  others,  shows  no  indication  of  a  crystal  form;  it  is 
present  only  in  rounded  or  irregularly  shaped  grains,  and  appears  to  have  crystallized 
somewhat  later  than  the  feldspar.  The  prismatic  cleavage  and  the  parting  parallel 
to  the  orthopinacoid  are  both  well  developed ;  frequently  a  second  parting  parallel 
to  the  clinopinacoid  is  also  present.  In  sections  approximately  parallel  to  either 
OP  (001)  or  «  P  00  (100)  an  optical  axis — not  a  bisectrix — appears,  when  the  examina- 
tion is  made  with  convergent  jiolarized  light.  Clinopinacoidal  sections  exhibit  an 
extinction  angle  as  large  us  40^. 

Twins*  according  to  the  ordinary  law  for  augite,  where  the  orthopinacoid  is  both 
twinning  plane  and  composition  face,  are  qnite  common.  Instances  where  the 
twinning  trace  is  inclined  from  25^  to  35^  to  the  cleavage  lines,  as  described  by 
Cohen,'  Rosenbnsch,^  and  others,  have  been  also  not  infrequently  observed. 

Other  systems  of  fine  striations,  visible  only  between  crossed  nicols,  are  very  often 
seen  traversing  the  individuals  of  diallage  in  several  directions.  They  are  by  no 
means  always  straight  in  their  course  nor  continuous  across  the  crystal,  but  appear 
to  be  due  to  some  molecular  disturbance  produced  by  pressure,  to  which,  ns  is  well 
known,  this  mineral  is  peculiarly  sensitive.^ 

In  its  freedom  from  inclusions  the  diallage,  as  a  rule,  presents  a  contrast  to  the 
hypersthene,  although  when  such  inclusions  are  exceptionally  present  they  do  not 
appear  materially  to  differ  from  those  of  the  rhombic  pyroxene. 

Hypersthene  is  a  constant  component  of  the  Baltimore  gabbros,  although  its 
amount  varies  widely  in  diflerent  Hpecimeus.  It  is  readily  detected  in  the  rock  by 
its  bronzy  luster.  .  .  .  This  effect  is,  however,  altogether  due  to  inclusions  in 
the  hypersthene,  and,  since  these  may  be  wanting,  the  absence  of  the  metallic  reflec- 
tion is  of  itself  no  proof  that  this  mineral  is  not  present.  Its  chemical  composition 
is  as  follows : 

Analysis  of  hypersthene  of  Maryland  gabbros. 


MgO 

Total 
Speoiflo  gravity,  3.36. 


Under  the  microscope  this  mineral  exhibits  no  better  crystalline  form  that  the 
diallage,  from  which,  however,  it  is  easily  distinguished  by  its  marked  trinhroism. 
The  ray  which  vibrates  parallel  to  the  brachydiagonal  axis  (a  =  a)  ia  brownish  red, 
the  one  vibrating  parallel  to  the  macrodiagonal  (5  =  b)  is  light  greenish  yellow, 
while  that  one  which  vibrates  parallel  to  the  vertical  axis  (c=  C)  is  green.  The 
absorption  is  a  <  C  <  b>  C,  being  very  nearly  equal  to  a.     .     .     . 

The  cleavage  parallel  to  the  unit  prism  oo  I*  (110)  is  well  developed,  but  even  more 
pronounced  is  a  parting  parallel  to  both  pinacoids  oo  P  o6  (100)  oo  P  do  (010).  .  .  . 
The  fact  that  the  brachydiagonal  axis  is  the  acute  bisectrix,  and  the  optical  angle 
comparatively  small,  is  sufficient  indication  that  it  is  hypersthene  and  not  enstatite 
or  bronzite.    .    .    . 


'GeogDostische  Beaohreibang  der  Umgegend  von  Heidelberg,  p.  69,  1881.    Sammlung  von  Mikro* 
photographien,  etc.,  Taf.  XXVIII,  fig.  4,  ?881. 
*Mikro8kopi8che  Phyaiographie.  Vol.  II :  Die  maasigen  Geatehie,  p.  410. 
Tan  Werveke:  Keuea  Jahrbuob  fiir  Mineralogle,  Q«Qio«^Q,  \m^¥«3^totAAVit^<^'^^'&>'^^>^^'^* 
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The  peculiar  inclusions  so  generally  characteristic  of  hyperstheue  are,  as  a  rule, 
present  in  great  perfection.  .  .  .  They  are  composed  of  fine  needles  arranged 
parallel  to  all  three  crystallographic  a^es  and  of  little  plates  of  a  reddish  brown 
color  lying  parallel  to  the  brachypinacoid.  To  these  latter  the  peculiar  metallic 
reflection  seen  in  many  sections  is  due.  They  vary  considerably  in  thickness,  as  may 
be  seen  by  the  different  depths  of  color  which  they  possess.  These  plates  all  extin- 
guish simultaneously  with  the  hyperstheue,  which  may  be  due  to  their  extreme 
thinness  or  to  the  fact  that  they  have  their  axes  parallel  to  those  of  their  host.  .  .  . 
Although  generally  abundant,  they  are  sometimes  entirely  absent  from  the  hyper- 
stheue. 

A  yellowish  brown  hornblende,  uudonbtedly  of  primary  character,  is  sometimes 
met  with  in  the  hypersthene-gabbro.  .  .  .  This  primary  hornblende  is,  in  the 
Baltimore  gabbros,  strongly  plcochroic.  The  a  ray,  approximately  parallel  to  the 
olinodiagonal  axis,  is  light  yellow;  the  b  ray,  coinciding  with  the  axis  of  symmetry, 
is  brownish  yellow,  while  the  c  ray,  inclined  about  12^  to  the  vertical  axis,  is  yel- 
lowish brown.    The  absorption  is,  as  usual  in  hornblende,  C>b>aorc  =  b>a. 

This  hornblende  is  sometimes  so  full  of  minute  black  inclusions  as  to  be  nearly 
opaqae,  even  when  in  very  thin  sections.  These  interpositions  are,  however,  not 
evenly  distributed,  but  are  massed  in  irregular  patches.  No  trace  of  external  crys- 
talline form  is  discernible.  This  mineral  appears  to  have  been  the  last  to  crystallize 
from  the  magma,  a  single  individual  often  covering  a  considerable  space  and  inclos- 
ing smaller  grains  of  both  pyroxene  and  feldspar.  It  is  not  infrequently  intergrown 
with  pyroxene  in  such  a  manner  that  the  orthopinacoids  of  both  minerals  are  coin- 
cident.    ... 

The  occurrence  of  thlH  hornblende  in  the  least  altered  specimens  of  the  gabbro, 
its  compact  structure,  and  the  other  marked  contrasts  which  it  presents  to  the  green, 
fibrous  amphibole,     .     .     .    are  all  a  sufficient  warrant  for  its  original  character. 

Green,  more  or  less  fibrous  amphibole  occurs  in  variable  amounts  in 
some  sections  of  the  gabbro  from  Mount  Hope.  It  seldom  exhibits 
idiomorphic  outlines,  but  is  in  confused  aggregates  of  imperfectly 
developed  individuals.  The  pleocbroism  is  pronounced,  and  is  that  com- 
mon in  hornblende,  i.  e.,  the  a  ray,  nearly  parallel  to  the  clinodiagonal 
axis,  is  light  yellow ;  the  b  ray,  coincident  with  the  orthodiagonal  axis, 
is  yellowish  green,  and  the  c  ray  is  dark  bluish  green.  The  absorption 
is  c  >b>a.    It  appears  to  be  of  secondary  origin. 

Of  the  other  constituents  occurring  in  the  hyperstheuo-n^abbro,  the  magnetite 
[pyrite]  and  the  apatite  present  no  peculiarities  worthy  of  mention.  The  former  is 
never  very  abundant;  the  latter  rarely  so,  although  iu  oue  specimen  from  Mount 
Hope  it  was  found  to  compose  12  per  cent  of  the  entire  mass  of  the  rock. 

No.  109.  Gabnetiferous  Gabbro. 

(From  (iRanitk  Falls,  Yellow  Medicine  County,  Minnesota.     De8chihki>  by 

W.  S.  Baylky.) 

No.  109,  like  Nos.  140  and  144,  is  from  a  rock  found  iiiterbedded  with 
gneisses  and  schists  in  the  valley  of  the  Minnesota  River,  in  Minnesota. 
The  specimens  in  the  collection  were  obtained  from  a  pit  some  20  feet  in 
depth  that  had  been  blasted  iu  the  rock  near  a  quartz  vein  which  had 
been  explored  for  gold.  In  the  neighborhood  of  the  vein  the  rock  is 
quite  massive,  but  at  a  distance  of  a  few  feet  from  the  contact  it  has  a 
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distinctly  schistose  character.    The  location  of  the  pit  is  1,500  pac^s 
north  of  the  SE.  corner  of  sec.  4,  T.  115  N.,  li.  39  W.,  Minnesota.' 

In  the  hand  sx)ecimen  the  rock  has  a  massive  aspect.  Its  i)revailing 
color  is  dark  green,  speckled  with  large  patches  of  dark  red  and  small 
areas  of  greenish  yellow  or  white.  Upon  close  inspection  the  yellow 
and  white  areas  are  discovered  to  be  the  glistening  cleavage  surfaces  of 
a  striated  plagioclase.  The  red  areas  are  the  surfaces  of  a  dark-red, 
transparent,  hard  mineral.  It  has  no  distinct  cleavage,  and  is  insoluble 
in  acids.  The  properties  are  those  of  garnet.  The  nature  of  the  dark- 
green  matrix  in  which  the  garnet  and  plagioclase  are  embedded  can  not 
be  determined,  though  from  its  dark  color  it  may  be  assumed  to  be  very 
basic.    The  specific  gravity  of  the  rock  is  3.105. 

Under  the  microscope  the  thin  section  shows  a  granular  aggregate  of 
plagioclase,  green  augite,  garnet,  and  magnetite,  with  small  quantities 
of  green  hornblende,  a  few  large  grains  of  quartz,  and  tiny  crystals  of 
apatite. 

The  plagioclase  is  in  irregular  allotriomorphic  grains  crossed  by  well- , 
defined  cleavage  cracks  and  traversed  by  irregular  fissures  filled  with 
decomposition  products  or  stained  by  iron  oxides.  The  material  of  the 
feldspar  is  clear  and  colorless  except  where  rendered  cloudy  by  inclu- 
sions. The  most  abundant  of  these  are  tiny  fiakes  of  chlorite  and 
irregular  masses  of  opa(]ue,  earthy  substance,  besides  dust  like  parti- 
cles of  magnetite  and  little  nests  of  a  brightly  polarizing  calcite.  All 
these  are  quite  abundant  in  the  neighborhood  of  the  fissures,  but  are 
rare  in  other  parts  of  the  grains.  Other  frcijuent  inclusions  are  long, 
narrow  crystals  of  a  strongly  refractive,  colorless  mineral,  with  a  par- 
allel extinction  and  weak  double  refraction.  In  cross  sections  they 
possess  the  hexagonal  outline  and  the  isotropic  character  of  apatite. 
Their  average  length  is  about  1"""  and  their  thickness  about  0.05""", 
though  a  few  have  cross  sections  measuring  0.2"""  in  diameter.  Augite, 
hornblende,  and  large  masses  of  magnetite  are  also  included  in  the 
plagioclase. 

Under  crossed  nicols  the  plagioclase  twinning  becomes  very  apparent, 
as  fairly  wide  bands,  usually  running  entirely  across  the  grains.  Some 
of  the  bands  curve  slightly,  others  wedge  out  as  they  pass  toward  1  he 
interiors  of  the  grains,  and  still  others  spring  from  the  sides  of  cracks, 
etc.  These  phenomena,  as  explained  in  the  description  of  No.  77,  indi- 
cate that  the  rock  has  been  subjected  to  pressure  since  it  solidified.  In 
certain  restricted  areas  in  the  section,  notably  in  the  neighborhood  of 
large  garnets,  there  is  often  a  second  series  of  twinning  lamelLos  cutting 
the  first  series  at  some  acute  angle.  This  second  series  comprises 
numerous  lainelhe,  not  as  distinct  as  those  of  the  first  set,  and  not  as 
sharply  marked  off  from  one  another.  They  cross  the  bars  belonging 
to  the  first  set  and  have  a  more  or  less  undulous  extinction.  The 
specific  gravity  of  the  greater  portion  of  the  plagioclase  is  somewhere 


See  luap,  pi.  28,  Geology  of  Mixmeaota^voL  Vol  YV&aX^^'V^xV.^Y-^'^'^^- 
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about  2.68,  or  near  audesine,  thoagh  probably  a  more  basic  member  is 
also  present,  with  a  density  of  about  2.72. 

The  next  most  abundant  comiK)nent  of  the  rock  is  a  pyroxene.  This 
is  in  green,  slightly  pleochroic,  allotriomorphic  grains  which  are  older 
than  the  plagioclase,  since  the  latter  conform  to  the  former  in  shape, 
and  occasionally  include  them.  This  augite  when  fresh  is  marked  by 
two  series  of  cleavage  lines  crossing  each  other  at  angles  of  about  90^ 
on  basal  sections,  and  on  other  sections  by  a  single  series  of  parallel 
lines.  The  pyroxene  may  easily  be  distinguished  in  these  sections 
from  hornblende  by  the  large  angles  of  extinction  against  the  parallel 
cleavage  lines,  which  often  reach  as  high  as  43^,  whereas  those  of  horn- 
blende rarely  approach  24°,  and  by  the  lack  of  strong  pleochroism. 

In  addition  to  the  two*  cleavages  mentioned  as  prominent  on  basal 
sections,  there  is  often  another,  presenting  itself  as  a  series  of  closely 
crowded  parallel  lines,  bisecting  the  larger  of  the  two  nearly  rectangu- 
lar intersections  of  the  more  prominent  lines.  Since  the  shorter  of  the 
two  lateral  axes  in  pyroxene  is  the  orthoaxis.  Ibis  cleavage  must  be 
•parallel  either  to  the  orthopinacoid  or  to  some  orthodome.  But  since 
sections  in  the  zone  of  the  orthopinacoid  and  the  clinopinacoid  show 
only  a  single  series  of  parallel  lines,  it  is  evident  that  the  cleavage 
under  discussion  must  be  orthopinacoidal.  This  cleavage  is  character- 
istic of  diallage.  For  sjome  time  it  was  regarded  as  original  and  the 
mineral  exhibiting  it  was  looked  upon  as  a  distinct  species  of  pyroxene. 
Now,  thanks  to  the  investigations  of  Professor  Judd,^  it  is  known  that 
the  cleavage  is  secondary  and  that  its  origin  is  often  the  direct  conse- 
quence of  pressure,^  to  which  the  rock  containing  it  was  subjected. 

Though  much  of  the  diallage  is  fresh,  a  still  larger  proportion  is 
more  or  less  altered.  The  interior  is  often  stained  brown  or  yellowish 
brown,  and  at  the  same  time  is  deprived  of  its  power  of  polarizing 
brilliantly.  A  little  magnetite  in  rounded  grains  separates  around  the 
edges  ^f  the  altered  portion,  and  a  more  or  less  fibrous  cleavage  is 
developed  in  it.  In  other  places  the  yellow  substance  occurs  in  little 
plates  or  needles  arranged  in  parallel  lines  inclined  to  the  cleavage, 
thus  giving  rise  to  the  appearance  of  a  third  set  of  fine  cleavage  lines. 
In  some  cases,  the  lines  are  so  straight  and  narrow  that  they  are  with 
great  difficulty  distinguishable  from  true  cleavage  lines,  even  under  a 
high  power.  The  origin  of  somewhat  similar  inclusions,  so  common  a 
feature  in  diallage  and  hypersthene,  has  given  rise  to  much  discussion, 
Judd  thinking  them  secondary  infiltration  products  along  ])lanes  of 
easy  solution,"^  and  others  regarding  them  as  original  inclusions  taken 
up  by  the  mineral  during  its  growth.^ 

Around  the  outside  edges  of  the  diallage   another  alteration   is 


>  Quart.  Jour.  Geol.  Soc.  London,  1885,  pp.  378-379. 

*M.  E.  Wadsworth :  Bull.  Xo.  2,  Geol.  and  Nat.  Hist.  Survey  Minnesota,  ]>.  55  et  setj. 
"Quart.  Jour.  Geol.  Soc.  London,  1885,  p.  354. 

«G.  H.WilUama:  Am.  Jour.Sci.,  3d  »erie»,  Vol.  XXXI,  Jan.  1886,  p. 33;  and  Vol.  XX XII i,  Feb.  1887, 
p.  143. 
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observed.  Here  the  pyroxene  is  snrroanded  by  large  plates  or  small 
granules  of  a  bright-green  substance  with  strong  pleochroism,  in  yel- 
lowish-brown and  dark  bluish-green  tints,  and  an  extinction  inclined  to 
the  cleavage.  This  sabstance,  which  is  a  hornblende,  surrounds  the 
augite  as  a  narrow  rim,  which  sometimes  extends  into  the  pyroxene 
grain,  and  at  other  times  is  formed  of  granules  that  seem  to  have  been 
added  ^  to  the  grain  after  its  formation.  In  either  case  the  substance 
is  to  be  regarded  as  secondary  in  origin.  In  a  few  cases,  when  the 
pyroxene  grain  was  small,  the  entire  substance  has  been  changed,  and 
in  its  x)lace  is  now  an  area  of  hornblende,  that  might  be  regarded  as 
original,  were  it  not  for  the  fact  that  so  much  of  the  hornblende  of  the 
rock  is  undoubtedly  secondary. 

Another  product  sometimes  formed  by  the  alteration  of  the  pyroxene 
is  biotite.  This  is  in  small  reddish-brown  flakes,  mingled  with  the 
hornblende  on  the  periphery  of  the  diallage. 

The  magnetite  and  pyrite  appear  as  large  in*egular  grains  that  are 
present  more  frequently  near  the  pyroxene  and  garnet  than  elsewhere 
in  the  rock.  Both  have  resisted  alteration,  and  both  are  ei^ually 
opaque,  so  that  the  only  method  of  distinguishing  between  them  is  by 
their  lustre  in  reflected  light.  The  magnetite  is  black  and  the  pyrite 
brassy  yellow. 

The  garnet  is  the  characteristic  mineral  of  the  rock.  It  is  in  large 
cellular  masses,  sometimes  measuring  half  an  inch  in  diameter.  In 
the  section  it  appears  as  a  highly  refractive,  isotropic,  deep  pink  sub- 
stance, filled  with  inclusions  and  crossed  by  many  irregular  cracks, 
along  the  sides  of  which  are  stains  of  yellow  iron  oxides.  So  large 
and  so  numerous  are  the  inclusions  that  the  garnet  substance  in  its 
arrangement  reminds  one  of  the  section  of  a  coarse  sponge  saturated 
with  various  colorless  products.  The  largest  and  most  striking  of  the 
inclusions  are  quartz  grains.  These  are  colorless  and  without  cleavage 
traces.  They  inclose  little  mica  plates,  apatite  crystals,  dust  particles, 
and  thousands  of  little  liquid-filled  pores,  arranged  in  lines.  Under 
crossed  nicols  most  of  the  larger  grains  break  up  into  an  aggregate 
with  the  lines  of  inclusions  xmssing  from  one  grain  into  another  with- 
out interruption.  Oc(*asionally  some  of  the  clear  inclusions  in  the 
garnet  are  discovered  to  be  plagioclase,  but  these  are  comparatively 
rare.  The  other  substances  inclosed  by  it  are  small  pieces  of  biotite, 
crystals  and  particles  of  magnetite,  crystals  of  apatite,  and  thousands 
of  tiny  cavities  filled  with  liquid.  As  in  the  quartz,  these  are  arranged 
in  lines,  and  these  lines  are  sometimes  continuous  in  both  substances. 
This  latter  phenomenon  would  indicate  that  the  inclusions  are  of  sec- 
ondary origin,  and  that  they  were  formed  after  the  quartz  and  garnet 
had  assumed  their  present  positions.  The  age  of  the  garnet  is  shown 
by  its  associations  to  be  younger  than  that  of  the  other  constituents. 


■  For  deHcriptions  of  added  growths  to  |tyroxeneand  hornblende,  see  C.  R.  Van  Hise :  Am.  Jour.  So!., 
3d  8erieii,  Vol.  XXXIU,  May  1887,  p.  386,  and  G.P.MerriU,  lb,  Vol.  XXXV,  June  1888,  p.  48a. 
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Another  form  in  which  the  garnet  exists  is  in  small  granules  sur- 
rounding magnetite.  Here  the  mineral  has  the  same  properties  as 
when  in  large  pieces,  except  that  it  contains  no  large  inclusions  of 
quartz  and  feldspar. 

The  quartz  is  in  colorless  masses,  surrounded  by  garnet,  as  already 
mentioned,  and  also  in  larger  pieces  associated  with  the  garnet,  but 
not  included  in  it.  It  usually  occurs  most  abundantly  near  the  garnet, 
in  those  sections  containing  a  great  deal  of  this  mineral,  and  is  almost 
if  not  totally  absent  from  those  sections  in  which  there  is  none. 

Since  the  garnet  is  probably  secondary,  i.  e.,  since  it  was  probably 
formed  after  the  main  portion  of  the  rock  solidified,  it  is  also  prob- 
able that  the  quartz  is  of  secondary  origin,  and  that  the  original 
components  of  the  rock  were  essentially  diallage  and  plagioclase,  with 
magnetite,  pyrite,  and  apatite  as  accessory  components. 

A  rock  of  this  composition  is  a  gabbro,  if  its  structure  is  not  schis- 
tose. The  principal  mass  of  the  rock  under  study  is  schistose,  but  it 
is  very  probable  that  this  is  an  imposed  structure,  since,  even  in  the 
apparently  massive  variety  represented  by  the  hand  specimen,  abund- 
ant indications  of  pressure  are  apparent.  The  massive  phase,  since  it 
is  characterized  by  garnet,  must  be  denominated  a  gametiferous 
gabbro,  while  the  scliistose  variety  is  a  squeezi^d  gabbro  or  a  zob- 
tenite,  midway  in  character  between  Nos.  135  and  137. 

The  photograph  (PI.  XXXVIII,  B)  shows  ^  large  grain  of  plagio 
clase,  surrounded  by  garnets,  with  the  interstices  between  them  filleil 
with  quartz.    The  black  grains  to  the  right  are  magnetite  and  pyrite 

The  composition  of  the  rock,  as  found  by  H.  N.  Stokes,  is: 

Avalysis  of  gametiferous  gahhro  from  Granite  FalUf  Minnesota. 


Per  cent. 


SiO, 52.31 

A1,0, 18.35 

Fe,Oj 5.  »0 

FoO 11.06 

(^«0 7.33 

MjfO 1.00 

K,0 49 

NojO ^ 2.90 

Lose .35 

Total 99.69 


PERII><)T1TE   FAMILY. 


No.  110.  Pyroxenite. 


(From  Pikksvillk,  Baltimore  County,  Maryland.    Abstract  by  J.  P.  Iddings 

IROM    THK  DESCRIPTION   BY   GeOROK   H.    WILLIAMS.) 

Together    with    gabbros    and    peridotites,  the    pyroxenites    break 

'T/ie»oiif(0d»j)athicintru8ivorockHof  Maryland  and  iheronraeof  tlieinilteration:  Am. Geologist, 
n/zz/t .  JSIMK  A  Iso,  Guide  to  Baltimore,  with  nu  account  of  tl\e  vceology  of  its  environs,  and  three  mapH : 
Uw.  InsL  Min.  Eag.,  Baltimore  meeting,  Febraary,  1882. 
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through  the  gneiss  and  marbles  of  the  eastern  part  of  the  Piedmont 
area  of  Maryland.  The  pyroxenites  and  peridotites  are  younger  than 
the  gabbros,  but  are  connected  with  tliem  by  intermediate  varieties, 
and  may  be  regarded  as  having  originated  from  a  gabbro-magma  by  a 
diminution  in  the  alumina  and  silica. 

The  pyroxenites  of  Maryland  are  of  two  types.  One,  having  darker 
color  and  being  heavier,  consists  of  bronzite  or  hypersthene  and  dial- 
lage;  the  other,  having  lighter  color,  consists  of  bronzite  or  hypersthene 
and  diopside.  The  first  is  the  more  common.  It  is  generally  evenly 
granular  in  texture,  with  allotriomorphic  crystals  1  or  2'""'  in  diameter, 
and  sometimes  8'"'"  in  length.  Its  fracture  is  hackly  and  very  uneven. 
Its  color  is  a  mixture  of  dark  brown  and  greenish  black. 

In  thin  section  the  rock  consists  almost  wholly  of  anhedrons  of  red- 
dish and  greenish  pyroxenes,  both  orthorhombic  and  monoclinic.  The 
mineral  composition  is  monotonous  and  simple,  there  being  in  addition 
to  pyroxene  only  occasional  specks  of  iron  oxide  or  magnetite. 

The  pyroxenes  are  diallage  and  enstatite  or  bronzite.  The  diallage 
is  pale  green  in  thin  sections,  with  the  customary  optical  characters; 
high  refraction  and  double  refraction  and  inclined  extinction  in  all 
sections  except  those  parallel  to  the  orthopinacoid  oo  Pob  (100).  The 
cleavage  is  prismatic  and  orthopinacoidal.  Some  sections  of  diallage 
exhibit  between  crossed  nicols  fine  lines  which  are  parallel  to  the  pris- 
matic axis.  These  are  due  either  to  multiple  twinning,  probably  parallel 
to  the  orthopinacoid,  or  to  lamellar  inclusions  of  orthorhombic  pyroxene. 
Sometimes  these  fine  striations  are  crinkled  or  crumpled  as  though  by 
mechanical  strain.  In  some  sections  of  diallage  there  are  inclusions 
of  orthorhombic  pyroxene  in  ])arallel  lines  crossing  the  diallage  at  an 
inclination  to  the  prismatic  axis.  These  are  surrounded  by  minute 
inclusions  having  relatively  high  refraction.  In  some  places  these 
inclusions  take  the  form  of  parallel  lamellae  of  pyroxene,  which  appears 
to  be  orthorhombic,  in  others  the  two  kinds  of  pyroxene  are  inter- 
grown,  with  (juite  irregular  outlines.  The  orthorhombic  pyroxene  in 
some  cases  incloses  irregularly  shaped  pieces  of  diopside  or  diallage, 
and  also  thin  lamelLne  of  this  mineral  in  parallel  x>osition.  The  diallage 
is  diopside  or  malacolite. 

The  orthorhombic  pyroxene  is  pale  reddish,  with  slight  pleochroism, 
greenish  to  colorless  parallel  to  c  and  the  prismatic  axis,  and  reddish 
parallel  to  a  and  b  at  right  angles  to  this  axis.  Sometimes  there 
are  rodlike  inclusions  giving  the  mineral  a  bronzy  luster.  In  the 
absence  of  a  chemical  analysis  it  is  not  possible  to  determine  whether 
the  mineral  is  more  proi)erly  enstatite  or  hypersthene.  Professor 
Williams  has  called  it  bronzite  or  hypersthene. 

Both  kinds  of  pyroxenes  are  more  or  less  dusted  by  minute  inclusions. 
In  some  rock  sections  the  orthorhombic  pyroxene  appears  to  be  in 
excess  of  the  monoclinic  variety,  but  the  following  chemical  analysis, 
made  by  J.  E.  Whitfield,  of  the  pyroxenite  from  Johnny  Cake  road^ 
shows  that  in  this  rock  diallage  is  sUgUt\y  m  ^^q^<&^. 
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Analysia  of  pyroxenite  from  Johnny  Cake  road,  Maryland, 


SiO, 

A1,0, 

Cr,Qg 

Fe,0, 

FeO 

MnO 

CaO 

MgO 

N«4,0 

K,0 

HjO  (red  heat) 

a 


50.80 

3.40 

.32 

1.30 

8.11 
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12.31 

22.77 

trace 

trace 

.52 

.24 


•  

Magnetite  occurs  sparingly  in  rounded  anhedrons.  There  are  also 
small  brown  grains  of  chromite  or  picotite.  A  characteristic  form  of 
alteration  of  this  rock  is  brought  about  by  the  change  of  the  pyroxene 
into  secondary  hornblende,  and  subsequently  the  change  of  this  into 
talc,  giving  rise  to  extensive  beds  of  steatite,  in  which  the  talc  is  mixed 
with  more  or  less  pale  fibrous  tremolite  and  chlorite. 

In  the  vicinity  of  Pikesville,  Maryland,  the  pyroxeuite  often  has  an 
extremely  coarse  grain,  and  not  infrequently  contains  porphyritical 
crystals  of  orthorhombic  pyroxene  an  inch  or  two  in  length. 

This  type  of  nonfeldspathic  rock,  free  from  olivine  and  consisting  of 
enstatite  or  hypersthene  and  diallage,  has  been  called  websterite  liy 
Professor  Williams.^ 


No.  111.  Pebidotite  (feldspathio  Peridotite). 

(From  Sudbrook  Park,  Baltimork  County,  Maryland.    Abstract  by  J.  P. 
Iddings  from  the  description  by  George  H.  Williams.) 

The  peridotites  of  the  Baltimore  district  have  been  fully  described 
by  the  late  Prof.  George  H.  Williams  in  Bulletin  28,  United  States 
Geological  Survey,  from  which  the  following  has  been  taken  :^ 

The  rock  [peridotite]  sometimes  occurs  iu  comparatively  narrow,  well  character- 
ized dikes;  sometimes  in  small  oval  or  lenticular  patches.  In  the  latter  case  it  is 
nearly  alwayH  associated  with  serpentine,  which  ha-s  originated  from  its  alteration. 
.  .  .  All  the  rocks  of  this  class  occuring  near  Baltimore  have  a  strong  resemblance 
to  each  other.  All  are  dark  brown  or  greenish  brown  in  color,  and  have  a  peculiar 
rough  appearance  on  the  weathered  surface  by  which  they  may  be  recognized  at  a 
considerable  distiince.  This  Ih  produced  by  the  decay  of  the  olivine,  which  leaves  the 
crystals  of  the  mor<^  stable  bron/ite  stand  ing  out  like  knobs  upon  the  surface.    .     .     . 

A  macroscopical  examination  discloses  a  compact  greenish-black  gronndmass,  in 
which  are  embedded  largo  crystals  of  a  glistening  yellow  bronzite.  In  some  cased 
no  other  constituent  can  be  recognized  with  the  unaided  eye,  hut  generally  much 


'op.  fit.,  page  47. 
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smaller  crystals  of  black  diallagc  can  be  detected.    Feldspar  is  frequently  thinly 
sprinkled  in  small  white  grains  throughout  the  rock.    .     .    . 

The  bronzite  varies  considerably  in  both  the  size  and  the  number  of  its  individuals. 
These  range,  even  in  the  same  hand  specimen^  from  1  to  8"*"*  in  diameter.  In  some 
cases  this  mineral  seems  to  compose  nearly  the  entire  masH  of  the  rock,  while  in 
others  it  Ih  so  sparingly  present  as  to  appear  quite  accessory. 

Cleavage  plates  of  this  bronzite  are  readily  obtained  parallel  to  xP  ob  (010)  and 
xP  (110).  They  show,  when  examined  in  parallel  polarized  light,  an  extinction 
parallel  to  the  vertical  (c)  axis.  In  thin  sections  of  the  rock  this  mineral  is  nearly 
colorless,  and  hence  can  exhibit  no  pleochroiHni.  In  thick  plates,  however,  this 
phenomenon  is  plainly  visible,  viz :  a  =  a  =  reddish-brown ;  6  =  b  =  reddish-yellow ; 
0  =  C  =  green;  absorption  c>a>b.  .  .  .  In  thin  sections  this  bronzite  appears 
as  large  yellow  or  colorless  plates.  It  has  often  a  fibrous  structure  parallel  to  the 
vertical  axis.  Characteristic  inclusions  like  those  found  in  the  hyperstbeue  do  not 
occur,  but  brightly  polarizing  spots  with  a  highly  inclined  extinction  angle  are 
very  prominent  between  crossed  nicols  when  the  bronzite  itself  is  dark,  although  in 
ordinary  light  they  are  quite  invisible.  They  seem  to  be  due  to  an  intergrowth  of 
small  portions  of  diallage  substance.  As  alteration  of  the  bronzite  commences  fine 
bands  of  serpentine  are  seen  to  be  developed  along  cracks  which  traverse  it.  Minute 
fibers,  resembling  bastite,  are  also  of  common  occurrence. 

The  diallage  of  the  olivine  rocks  yields  in  isolated  splinters  cleavage  plates  par- 
allel to  00 Poo  (100),  and  xP  (110).  .  .  .  [The  latter]  show  an  extinction  angle 
of  from  10^  to  13^  when  measured  against  the  vertical  axis.  In  thin  rock  sections 
an  extinction  angle  as  high  as  35^  was  observed  in  this  mineral. 

The  diallage  shows  no  pleochroism.  Thin  sections  of  it  are  nearly  colorless,  while 
such  as  are  quite  thick,  but  thin  enough  to  transmit  light,  remain  green  in  all  posi- 
tions,  with  no  perceptible  change  in  the  intensity  of  the  color  when  the  transmitted 
ray  is  made  to  vibrate  in  different  directions  through  the  crystal. 

The  diallage  has  a  much  more  perfect  cleavage  than  the  bronzite.  It  likewise  pre- 
sents a  marked  contrast  to  this  mineral  in  the  freciuency  with  which  twinning 
lamellie  occur  in  it.  These  seem  to  be  of  secondary  origin,  produced  probably  by 
pressure,  as  was  also  observed  in  the  case  of  the  diallage  of  the  liyperstliene-gabbro 
[from  the  Baltimore  district].  Such  secondary  lamelhe  are  often  present  in  great 
numbers,  and  are  especially  distinct  when  the  diallage  crystal  has  been  broken  or 
bent. 

The  feldspar  is  shown  by  all  its  physical  properties  to  be  bytownite.  Its  specific 
gravity  ...  is  2.722.  The  average  of  a  large  number  of  stauroscopic  measure- 
ments on  cleavage  fragments  gave  extinction  angles  on  OP  (001)  of  19^,  and  on  oo  Pdb 
(010)  of  32^,  values  which  agree  well  with  the  specific  gravity.  This  feldspar  is 
soluble  with  difficulty  in  concentrated  hydrochloric  acid  and  fuses  readily  in  the 
flame  of  a  Bunsen  burner.  This  mineral  shows  a  marked  freedom  from  Inclusions, 
differing  in  this  respect  from  the  feldspar  of  the  hypersthene-gabbro.  Wherever  it 
comes  in  contact  with  the  olivine  the  peculiar  reactionary  rims  of  amphibole  are 
finely  developed.' 

The  interior  zone  of  these  rims  next  to  the  olivine  is  narrow,  granular,  and  almost 
colorless.  Outside  of  this  is  a  darker-greenish  portion,  having  a  feathery  appear- 
ance. This  exterior  zone  projects  in  rounded  tufts  into  the  feldspar  substance,  at  the 
expense  of  which  it  has  apparently  been  formed. 

The  main  mass  of  the  feldspar  is  not  always  fresh.  The  change  which  it  has 
uudergone  is  the  interesting  and  unusual  one  to  a  zeolite  mineral  (probably  scole- 
cite),  instead  of  the  more  common  one,  to  saussurite  or  calcite.  While  the  larger 
portion  of  a  feldspar  crystal  remains  quite  unchanged,  radiating  tufts  or  continuous 
bands  of  stout,  colorless  needles  may  frequently  be  seen.    These  show  the  most 


» Bull  V.  8,  Geol.  Sar\ey  No.  28,  p.  43. 
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brilliant  interference  colors  in  polarized  light,  even  when  the  section  is  exceedingly 
thin,  an  effect  well  known  to  be  characteristic  of  the  zeolites.     .    .     . 

The  olivine,  the  most  characteristic  constitneut  of  this  class  of  rocks,  exhibits  no 
very  striking  pecnliarities.  It  is  present  in  small,  roanded  grains,  forming  the  dark, 
compact  groundmass  in  which  crystals  of  the  other  minerals  are  porphyritically 
embedded.  The  structure  of  these  rocks  is  therefore  quite  an  exceptional  one  for  the 
family  of  peridotites :  First,  on  account  of  the  porphyritic  character,  which  is  rare  in 
members  of  this  class,  and,  second,  because  of  the  unusual  position  of  the  olivine  in 
the  groundmass,  indicating  that  it  is  here  the  youngest  instead  of  the  oldest  constit- 
uent, as  is  generally  the  case.  The  grains  of  olivine  are  always  more  or  less  com- 
pletely changed  to  serpentine,  although  in  many  specimens  cores  of  the  original 
mineral  remain  intact.  The  serpentine  is  of  a  bright  yellow  color  when  seen  in  a  thin 
section  under  the  microscope,  and  shows  in  an  admirable  manner  the  well-known 
process  of  its  formation  out  of  the  oliviue  substance.  The  fine  serpentine  fibers  are 
developed  along  cracks  and  fissures  in  the  olivine,  working  their  way  from  these 
inward  until  finally  none  of  the  olivine  remains.  A  considerable  quantity  of  mag- 
netite in  fine  shreds  and  lines  is  always  disseminated  through  the  serpentine,  having 
been  separated  from  the  olivine  during  the  process  of  its  alteration. 

No  other  constituents  were  observed  in  the  olivine  rocks  of  the  Baltimore  region, 
except  in  rare  cases  small  quantities  of  a  compact,  brown,  8tr<mgly  pleochroic  horn- 
blende, which  is  filled  with  minute  djastlike  inclusions.  This  mineral  is  most  inti- 
mately associated  with  the  diallage,  the  two  being  completely  intergrown  in  the 
same  crystal.    .    .     . 

Eeldspathic  peridotite  is  tbe  conimoDest  type  of  peridotites  in  the 
Baltimore  region.  The  feldspar  in  it  does  not  compose  over  5  per  cent 
of  the  rock.  The  following  chemical  analysis,  prepared  by  Dr.  Leroy 
McCay,  was  made  from  a  specimen  from  a  dike  on  the  Western  Mary- 
land Railroad,  north  of  Howardsville. 

Anahjms  of  peridotite  from  Maryland. 


Percent. 


SiO, 

AlaOa 

Fe^Oj 

FeO 

MuO 

CaO 

MgO 

Xa,0 

OO, 

U,0 - 

Tot^l '     101.74 

Sj)ecifi(-  gravity,  2.980. 


41.00 

7.58 

5.99 

4.C3 

trace 

10.08 

23.59 


52 


3.62 
4.73 
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(From  ELUorr  Couxtv,  Kextuckv.     Describkd  by  J.  S.  Diller.) 

This  rock  occurs  in  the  midst  of  the  coal  tields  of  eastern  Kentucky, 
where  the  sandstones  and  shales  of  the  coal  measures  are  nearly  hori- 
zontal.    It  is  one  of  a  series  of  three  peridotites  found  under  somewhat 
^milar  couditious  west  of  the  axis  of  the  Allegheny  Mountains  among 
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the  comparatively  little  disturbed  sedimentary  rocks.  The  other  locali- 
ties referred  to  are  the  serpentime  of  Syracuse,  New  York,  described 
by  Dr.  Williams,^  aud  the  mica  peridotite  of  western  Kentucky.^ 

The  kimberlite  of  Elliott  County,  Kentucky,  outcrops  at  only  three 
points  in  the  same  neighborhood,  but  the  form  suggested  by  the  resid- 
ual material  of  the  soil  is  that  of  dikes,  and  the  large  number  of 
inclusions  it  contains  in  places  shows  that  it  has  been  erupted  through 
Carboniferous  strata. 

It  is  a  compact,  dark-greenish  rock,  with  a  specific  gravity  of  2.781. 
In  it  are  embedded  many  grains  of  yellowish  olivine,  uniformly  dis- 
tributed throughout  the  mass.  Earely  it  is  fine  granular  and  dense, 
like  many  darker  colored  basalts,  but  generally  the  grains  of  which  it 
is  copaposed  are  medium  sized.  Occasionally  the  olivine  grains  dis- 
appear and  the  deep-green  serpentine  pervades  the  whole  mass. 
Besides  the  olivine  and  serpentine,  which  together  form  nearly  75  per 
cent  of  the  rock,  there  are  other  minerals  which  appear  in  the  hand 
specimen.  Most  important  among  these  are  pyrope  and  ilmenite,  the 
latter  appearing  in  the  form  of  irregular  grains  which  sometimes  attain 
a  diameter  of  nearly  2*  ">.  A  few  scales  of  biotite  may  be  observed. 
Near  the  exposed  surface  the  rock  becomes  yellowish,  due  to  the  oxi- 
dation of  the  iron,  and  softens  so  that  it  readily  disintegrates.  The 
garnet  and  much  of  the  ilmenite  withstand  the  atmospheric  influences 
and  are  found  quite  fresh  aud  abundant  in  -the  residual  sand  resulting 
from  the  disintegration  of  the  peridotite. 

The  following  table  is  based  directly  upon  estimates  made  under  the 
microscope  of  the  areal  distribution  of  the  various  minerals  in  the 
freshest  portions  of  the  sections  from  the  locality  where  the  peridotite 
is  least  altered : 


1  I 

Primary  minerals.  Per  cent.'    Secondary  minerals. 


Percent. 


Olivine 40      |  Serpentine 30.7 

EnHtatito ;  1       |  Dolomite I  14 

■     Biotite 1         Magnetite '2 

!    Pyi-ope 8        Perofskite 1.1 

Ilmenite 2.2 

Apatite trace 


It  is  not  claimed,  of  course,  that  this  table  represents  with  a  high 
degree  of  accuracy  the  mineralogical  composition  of  the  rock,  yet  it 
closely  approximates  the  real  proi)ortions  in  the  sections  studied.  The 
table  clearly  indicates  that  originally  at  least  80  per  cent  of  the  rock 
was  olivine  and  that  ultimately  it  will  be  nearly  all  serpentine — or, 
perhaps,  in  some  places  dolomite — with  a  small  proportion  of  magnetite, 
ilmenite,  garnet,  and  perofskite. 


>  Am.  Jour  Scl.,  3d  series,  Vol.  XXXIV,  Augu«t,  1887,  p.  137. 
»  Am.  Jour.  Sci.,  3d  series,  Vol.  XLIV,  October,  1892,  p.  286. 
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Tbe  general  structure  of  the  rock  is  illustrated  in  PI.  XXXIX,  figs. 
A  and  B,  which  show  the  remaining  more  or  less  regular  phenoerysts 
of  olivine  inclosed  in  a  network  of  serpentine  with  other  products  of 
alteration.  The  high  proportion  of  olivine  in  the  rock  places  it  among 
those  peridotites  which  are  generally  designated  dunites,  but  the  pres- 
ence of  some  enstatile  shows  its  relationship  to  saxonite.  The  more  or 
less  distinct  porphyritie  structure  was  regarded  by  Carville  Lewis'  as 
so  important  a  feature  that  he  designated  a  similar  rock  of  the  Kim- 
berly  mines  in  the  South  African  diamond  field  as  ''kimberlite."  The 
original  structure  of  the  rock  was  not  wholly  porphyritie.  In  some 
places,  at  least,  it  has  a  holocrystalline  even  granular  structure  like 
granite,  the  irregular  grains  of  olivine  interlocking  like  those  of  quartz 
and  feldspar  in  granite. 

The  olivine  grains  are  generally  irregular  in  form,  varying  from  0.1 
to  1.5"""  in  diameter,  and  are  penetrated  by  many  fissures.  Occasion- 
ally, however,  as  shown  in  the  upper  figure  of  PL  XXXIX,  they  are 
bounded  by  sharply  defined  crystallographic  planes,  a  feature  which  is 
unusual  for  the  olivine  in  peridotites.  It  occurs  in  the  form,  which  is 
common  in  basaltic  lavas,  of  a  short  prism  terminated  by  brachydomes 
without  the  base. 

The  alteration  of  the  olivine  to  serpentine  takes  place  rapidly  in  the 
cross  fractures  approximately  parallel  to  the  base,  but  very  slowly  along 
the  numerous  minute  fissures  in  the  prism  zone.  Cleavage  parallel  to 
the  brachypinacoid  is  scarcely  discernible. 

In  the  process  of  alteration  the  olivine  is  transformed  into  serpentine 
with  the  secretion  of  magnetite.  Among  the  secondary  products 
there  is  nmch  dolomite,  which  ai)pears  to  result  from  the  transforma- 
tion of  the  olivine.  The  abundance  of  the  carbonate  present  suggests 
that  the  olivine  might  contain  a  considerable  percentage  of  lime.  This 
suggestion  was  proved  true  by  a  chemical  analysis  of  the  olivine. 

Pyroxene  plays  so  small  a  part  among  the  minerals  of  this  rock  that 
it  can  not  be  considered  an  essential  constituent.  In  the  form  of  irreg- 
ularly corroded  grains,  it  is  distributed  throughout  the  mass  with 
approximate  uniformity,  but  it  constitutes  not  more  than  1  per  cent  of 
the  whole.  Ti)e  cleavage  is  nearly  rectangular,  and  the  extinction  in 
prismatic  sections  is  i)arallel,  indicatin*;'  with  a  high  degree  of  proba- 
bility that  the  pyroxene  is  orthorhonjbic.  It  is  generally  transparent, 
with  a  sprinkling  of  line,  dark  grains,  and  is  surrounded  by  a  clouded 
border  conforming  to  tbe  embayed  contour. 

The  embayments  of  the  irregular  enstatite  sometimes  contain  olivine, 
demonstrating  that  the  pyroxene  is  an  earlier  i)roduct  of  crystallization 
than  the  olivine  and  owes  its  border,  at  least  in  part,  to  the  subsequent 
corrosive  action  of  the  nnigma. 

The  mica  is  dark  colored,  strongly  dichroic,  with  a  very  small  optic 
axial  angle  in  the  plane  of  the  priintipal  ray  of  the  radial  figure 
(sclihi^hgnv)  produced  by  i)uncturing  a  thin  plate  of  the  mica  with  a 


'  True,  lirit.  Assot: .  Adv.  ^c\.,  lis*",  v- Tl^. 
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gliiirj)  needle,  TbU  bintite  i»  spftriiigly  dis;tribnted  tbrongbout  tbe 
nwk  and  is  surrounded  by  a  promiueiit  border  composed  of  colorless 
mica  and  oxide  of  iron. 

I'yrope  can  not  be  considered  one  of  tbe  essential  minerals  in  this 
rock,  yet  it  is  niiiong  the  iiio»t  prominent.  It  occnrs  in  spherical  and 
ellipsoidal  grains  varying  from  1"""  to  more  than  a  dozen  millimeters  in 
diameter.  They  in-e  found  abundantly  along  the  line  of  the  dike  in  tbe 
soil  resulting  from  itt)  disintegration.  The  small,  clear,  deep-red  grains 
have  a  specific  gravity  of  3.673  and  are  locally  regarded  as  mbies  of 
problematical  viilae,  but  the  paler  red,  miicb-fractured  fragments  of 
larger  size  have  attrai  ted  little  attention. 

The  most  interesting  ieature  ot  the  pyrope  is  prominent  under  the 
microscope,  where  it  is  setn  to  be  surrounded  by  abordi-r  of  radial 
fibers  analogous  to  that  desenbeil  by  Fr,  Becke'  and  A,  Schrauf,'  and 
later  critically  examined  l>j  V  \  Las  mix.'  The  general  character  of 
the  bor<ler  is  represented  in  bg  14>     It  is  composed  of  two  essentially 


Fm.  Ifl— PjTop.-  -howlnc  bonier  cif  liiiillli.  antt  mmjtnettte. 

clifTorent  substances,  both  of  wbitli  are  always  present,  although  vary- 
ing much  in  proportions.  First  of  these  may  be  mentioned  a  diirk 
powder,  which  is  fieijuently  so  abundant  as  to  render  the  border 
opaiiue.  It  occurs  most  abundantly  in  the  outer  iKirtion  of  the  bonier, 
and  is  chiefly,  if  not  wholly,  magnetite,  for  when  carefully  detached  by 
B  sharp  needle  from  an  uncovered  section  it  is  found  to  be  strongly 
magnetic.  The  second,  usually  inner,  substance  of  the  ring  is  of  a 
(jrayish  or  reddish  brown  <:olor,  and  is  generally  fibrous  in  structure. 
Scbrauf  studied  the  fibrous  substance  envelo]>ing  the  gurnets  in  the 
serpentine  of  Krem/e,  Bohemia,  and  named  it  kelyphite.  The  investi- 
gations "f  Lasaulx  have  shown  that  In  some  cases  the  border,  instead 
of  being  a  single  mineral,  is  a  mixture  of  several  minerals,  cbiefiy  of 
the  pyroxene  and  iimphiholc  groups.  In  the  example  under  considera- 
tiuii  its  coniiKjsition  appears  to  be  exceptional.  Although  it  is  ctHu- 
uiiiTily  made  up  of  closely  compacted,  very  fine  parallel  fibers,  perpen- 
dicular to  tbe  outer  surface  of  the  garnet,  it  fretpiently  appears  as  an 
jiregnlar  iionflhrous  fringe  n|)oii  the  iuaer  side  of  the  border,  or  even 
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completely  incloses  within  the  garnet,  where  it  is  usually  of  a  deep 
brown  color.  Generally  it  is  distinctly  doubly  refracting,  and  when 
finely  fibrous  is  sometimes  strongly  colored  red  and  green  between 
crossed  nicols.  The  nonfibrous  form  of  the  substance,  although  deeply 
colored,  is  isotropic  and  consequently  not  dichroic,  but  when  fibrous 
the  absorption  parallel  to  the  fibers  is  occasionally  almost  complete, 
like  that  of  biotite,  which  in  one  section,  by  its  uniaxial,  negative, 
and  strongly  dichroic  character  it  was  proved  to  be.  Ilmenite  and 
magnetite  are  common  and  uniformly  distributed  constituents  of  the 
Kentucky  peridotite. 

Abundantly  scattered  among  the  other  secondary  products  in  the 
serpentinous  network  enveloping  the  remnants  of  olivine  are  yellowish 
clouded  grains  ranging  in  size  from  .004  to  .06'""'  in  diameter.  Tlie 
intensity  of  the  yellowish  color  varies  considerably,  with  a  strong 
inclination  toward  brown.  Its  index  of  refraction  is  very  high,  caus- 
ing it  to  rise  above  the  neighboring  minerals,  but  its  low  grade  of 
translucency  scarcely  more  than  allows  the  observer  to  discover  that 
the  mineral  is  distinctly  doubly  refracting  without  determining  cer- 
tainly its  degree.  With  a  very  sharp  steel  point  a  number  of  these 
grains  were  removed  from  an  uncovered  section  and  dissolved  in  fused 
KHSO4.  When  the  product  was  moistened  with  a  solution  of  Hj02  it 
turned  distinctly  yellow,  indicating  the  presence  of  titanium.  At  first 
these  grains  were  supposed  to  be  octahedrite,  but  Dr.  G.  H.  Williams's 
discovery  of  similar  grains  of  perofskite  in  the  serpentine  of  Syracuse 
led  to  the  separation,  and  chemical  examination  of  those  in  specimen 
112,  and  they  also  were  found  to  be  perofskite. 

For  a  fuller  description  of  this  rock  and  its  mode  of  occurrence  the 
student  is  referred  to  United  States  Geological  Survey  Bulletin  No.  38, 
Peridotite  of  Elliott  County,  Kentucky. 

No.   113.   CORTLANDITE   (HORNBLENDE-PERIDOTITE). 
(From  Stony  Point,  on  the  IIidson,  New  York.    Abstract  by  J.  P.  Iddings 

FROM    THF,    description   BY    (iKORiiE    II.  WILLIAMS.) 

This  rock  was  first  described  by  Prof.  George  H.  Williams,  under  the 
head  of  hornblende- peridotite,^  at  which  time  it  was  sh#wn  to  belong 
to  Bonney's  class  of  hornblende-picrites,  and  to  Cohen's  class  of  hnd- 
sonites.  The  latter  term,  however,  Williams  showed  had  been  given  to 
a  variety  of  diallage,  and  so  he  i^roposed  the  name  cortlaudtite  for  the 
rocks  ordinarily  classed  as  hornblende  peridotites.  The  following 
description  is  taken  from  his  paper  Just  cited: 

The  best  locality  for  Hpccimeus  of  this  type  of  peridotite  is  at  Kings  Ferry  011 
StoDy  Point,  a  small  ])ronnu('nco  on  the  west  s'nh'  of  the  Hudson  Kiver,  somewhat 
southwest  of  Verplanck.  .  .  .  {Many  varieties  of  peridodite  may  be  found  among 
the  blocks  thrown  out  of  the  railroad  cutting  near  this  place.]     The  most  remark- 

[        'Peridotites  ofiJw  "C'ortlaiiclt  Si-rirs'"  on  tlu'  HihIsou  Jiiver  ut-ar  PeekHkill,  New  York:  Am.  Joiir. 
OcL,  3d  BerJe/f,  Vol.  XXXI,  1886,  pp.  26-41. 
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able  among  these  varieties  is  a  dark  green,  at  first  sight  apparently  fine-grained,  rock, 
which,  however,  when  held  in  a  proper  light,  exhibits  glistening,  bronze-colored 
cleavage  snrfaces,  often  measuring  3  by  4  inches.  The  reflection  from  these  surfaces 
is  not  altogether  continuous,  being  interrupted  by  small  rounded  grains  of  a  dull 
green  mineral  whose  nature  can  not  be  determined  with  the  unaided  eye,  but  which 
the  microscope  shows  to  be  olivine  or  serpentine. 

This  "luster-mottling,"  as  a  similar  pbenomeDa  has  been  called  by 
Pumpelly,^  has  been  termed  pcBcilitic  structure  by  Professor  Williams.^ 

The  glistening  snrfaces  fin  this  rock],  as  the  microscope  shows,  are  those  of  a 
brown  hornblende.  The  individuals  of  this  mineral  are  very  largo,  being  often  4 
inches  in  diameter;  but,  notwithstanding  that  they  are  so  abundant  as  to  be  every* 
where  in  contact  with  each  other,  so  full  are  they  of  inclusions  of  the  other  con- 
stituents that  they  do  not  of  themselves  make  up  one-half  of  the  entire  mass  of  the 
rock.  [The  only  other  minerals  recognizable  without  a  microscope]  are  frequent 
particles  of  magnetic  pyrites  (pyrrhotite)  and  glistening  flakes  of  alight  green  mica. 

The  hornblende  is  recognized  by  its  characteristic  prismatic  cleavage 
with  an  angle  of  124°  30'. 

In  thin  section  it  is  rich  brown,  which  is  the  color  of  basaltic  horn- 
blende. Its  pleochroism  is  pronounced.  The  color  of  rays  vibrating 
parallel  to  c,  nearly  parallel  to  the  prismatic  axis,  is  dark  chestnut; 
that  of  the  rays  vibrating  parallel  to  b,  parallel  to  the  orthodiagonal 
axis,  is  a  slight  tinge  lighter,  while  the  color  for  rays  vibrating  parallel 
to  a  is  a  light  yellow.  The  absorption  is  c  =  b  >  a.  Hence  some  sec- 
tions exhibit  marked  pleochroism,  and  others  almost  none.  The  extinc- 
tion angle  in  clinopinacoidal  sections  is  9^  to  10°  from  the  prismatic 
axis,  indicated  by  the  direction  of  the  prismatic  cleavage  cracks  in 
such  sections. 

The  inclusions  in  this  hornblende  are  both  numerous  and  characteristic.  The 
most  common  are  opatiue  black  needles,  ranging  in  size  from  the  finest  dust  to  about 
0.03"""  in  length.  The  majority  are  arranged  either  parallel  to  the  vertical  axis,  or 
else  so  as  to  make  an  angle  of  about  45°  with  this.  Others  appear  quite  irregular 
in  their  position.  More  rarely  small  transparent  crystals,  the  largest  of  which  are 
0.05"""  long  and  0.02"'"'  broad,  c  ocur  with  the  opaque  needles.  The  nature  of  these 
could  not  be  determined.  .  .  .  Still  more  rarely  than  these  transparent  crystals, 
the  hornblende  contains  inclusions  of  thin  brown  plates  similar  to  those  which  are 
so  characteristic  of  hyperstheue.  All  of  these  interpositions,  of  which  the  opaque 
needles  as  a  rule  occur  alone,  show  a  tendency  to  concentration  toward  the  center 
of  the  hornblende,  leaving  a  border  near  the  edge  comparatively  free  from  foreign 
substances.  Often  they  form  irregular  patches  scattered  like  little  clouds  over  the 
brown  background. 

The  hornblende  itself  never  shows  any  trace  of  crystalline  form.  It  fills  the 
irregular  spaces  between  the  other  constituents,  a  single  individual  often  covering 
a  space  some  inches  square.  From  its  relations  to  the  other  minerals  in  the  rock  it 
is  evident  that  it  was  the  last  to  solidify,  while  the  great  size  of  the  crystals  would 
seem  to  indicate  that  the  process  of  their  formation  went  on  very  slowly.     .     .     . 

The  hornblende  seems  particularly  subject  to  alteration,  which  is  often  far 
advanced  before  the  olivine  or  the  pyroxene  are  materially  afl'ected.  The  first 
change  which  the  hornblende  undergoes  is  bleaching,  accompanying  which  is  the 

'  Metasomatic  development  of  the  copper-bearing  rocks  of  Lake  Superior.  Proc.  Amcr.  Acad.,  Vol. 
XIII,  p.  260, 1878. 

'Loc.  cit.,  p.  30;  also,  On  the  use  of  the  terms  poikilitic  and  micropolkilitic  in  petrolQ^v-.  <X<nvvc. 
Gw)l.,  VoL  I,  p.  176, 1893. 
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alpioBt  total  disappearance  of  the  characteristic  inclusions.  The  mineral  becomes 
nearly  colorless  and  consequently  nonpleochroic,  while  retaining  the  compact  struc- 
tare  and  optical  behavior  of  the  unaltered  portion.  Later  there  is  developed,  par- 
ticularly around  the  edge  of  the  hornblende,  a  bright  emerald-green  substance, 
which,  on  account  of  its  lack  of  dichroism  and  very  feeble  action  on  polarized  light, 
may  be  regarded  as  chlorite. 

Next  to  the  hornblende,  the  most  important  constituent  of  this  rock  is  the  olivine, 
which  is  remarkable  both  for  its  freshness  and  for  its  beautiful  inclusions.  It  is 
present  in  rounded  grains  or  in  well-defined  crystals,  upon  which  the  usual  combi- 
nation of  domes,  prisms,  and  pinacoids  may  be  seen.  These  crystals  vary  from  one- 
half  to  2'"™  in  diameter.  The  mineral  is  quite  colorless,  with  a  high  index  of 
refraction,  and  is  traversed  by  irregular  cracks,  along  which  serpentinization  may 
be  frequently  seen  to  have  commenced,  although  in  many  sections  there  is  hardly  a 
trace  of  this  alteration.  .  .  .  They  [the  inclusions]  are  black  and  opaque, 
having  generally  the  form  of  minute,  rounded  grains,  or  long  rods  arranged  parallel 
to  one  or  more  of  the  crystallographic  axes  of  the  olivine,  although  they  are  some- 
times more  irregular  in  their  distribution.  Frequently  these  rods,  instead  of  being 
straight,  are  variously  bent  and  twisted,  exhibiting  the  form  of  trichitee  in  obsid- 
ians. In  such  cases  they  show  a  tendency  to  form  elliptical  groups  resembling  a  fine 
arabesque,  as  figured  by  Zirkel.^  The  same  author  has  observed  that  while  these 
inclusions  are  very  characteristic  of  the  olivine  of  the  older  rocks  [i.e.,  the  coarser- 
grained  rocks — J.  P.  I.]  they  are  never  found  in  that  of  the  younger  basalts.  There 
seems  little  doubt  that  they  are  composed  of  magnetite,  since  they  are  readily 
decomposed  by  acid,  and  since  such  grains  of  olivine  as  contain  them  in  abundance 
are  attracted  by  the  magnet.    .     .    . 

[In  the  exceptional  eases,  in  which  feldspar  is  present,  and  is  in  contact  with 
olivine,  there  is  a  zone  between  the  two  minerals  consisting  of  two  parts.]  The 
inner  portion,  nearest  the  olivine,  is  composed  of  square  grains  of  nearly  colorless 
pyroxene;  the  outer  one  [adjacent  to  the  feldspar,  consists]  of  tufts  of  radiating 
actinolite  needles  of  a  beautiful  bluish-green  color  and  strongly  pleochroic.  [The 
olivine  is  sometimes  partly  altered  to  serpentine.] 

The  pyroxene  constituent  of  the  peridotite  from  Kings  Ferry  appears  to  be  for 
the  most  part  hypersthene.  It  sometimes  forms  small  irregular  grains  not  larger  than 
those  of  the  olivine,  but  in  oth(>r  cases  it  is  present  in  individuals  which  are  over  a 
centimeter  in  length,  inclosing  the  smaller  grains  of  both  olivine  and  hypersthene 
like  the  hornblende.  In  all  forms  it  possesses  all  the  ordinary  characteristics  of  hyper- 
sthene, except  that  it  is  singularly  free  from  the  usual  inclusions.  Its  pleochroism 
is  very  strong:  a  =  a  ray  is  red;  h=^\)  ray  is  yellow;  c=:Cray  is  green.  Its  cleav- 
age is  well  develo])ed  parallel  to  the  prism  (x  P)  and  also  still  better  parallel  to  the 
braehy2)inacoid  (oo  P  do ).  A  common,  nonpleochroic  augite,  in  which  a  diallage 
habit  is  frequently  developed  by  the  presence  of  a  parting  parallel  to  the  orthopina- 
coid  [100]  is  also  often  to  be  observed  in  this  rock,  although  in  many  specimens  it  is 
altogether  lacking.  As  this  constituent  increases  in  amount  the  rocks  grade  into 
those  of  the  next  group  [angite-peridotite  or  picrite]. 

Biotite  is  also  present  in  small  amounts.  This  mineral  rarely  retains  its  brown 
color.  It  is  generally  so  comi)letely  bleached  as  strongly  to  resemble  muscovite  in 
thin  sections.  It  is  much  bent  and  twisted,  often  having  small  lenses  of  calcite  inter- 
posed between  its  lamelhe.  .  .  .  Aside  from  mere  bleaching,  the  formation  of 
the  bright  green,  ohloritic  mineral,  noticed  as  an  alteration  product  of  the  horn- 
blende, is  also  frequent.  The  true  character  of  this  mica  is  revealed  by  its  verj- 
small  axial  angle  ...  as  well  as  by  the  fact  that  rarely  sections  may  be  found 
which  have  escaped  the  bleaching.  These  have  the  characteristic  color,  and  pleo- 
chroism of  biotite,  and  sometimes  contain  acicular  inclusions  resembling  needles  of 
rutile.     .     .     . 


tZeitscbrift  der  iUutnclwu  ^'eologisclien  Ofsellscliaft,  XXIII,  1871,  p.  59,  PI.  IV,  Fig,  II.  Mikrosk. 
•ebaffeubvit,  p.  214. 
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Feldspar,  thongh  fretiuoDtly  accessory,  is  never  an  important  constituent  of  these 
rocks.     [It  is  a  basic  lime-soda  feldspar,  probably  bytownite. — J.  P.  I.] 

Magnetite,  aside  from  composing  the  inclusions  in  the  olivine  above  referred  to, 
forms  small  grains  which  line  the  cracks  in  this  mineral,  and  arc  especially  abundant 
about  its  edge,  where  it  is  in  contact  with  the  brown  hornblende.  The  large  opaque 
grains  scattered  throngh  the  rock  are  almost  all  pyrrhotite  (magnetic  pyrites  (FeySs) ) ; 
chromite  or  picotite  were  not  observed;  another  form  of  spinel,  however,  pleonast, 
recognized  by  its  dark-green  color  and  isotropic  character,  is  not  uncommon,  lliis 
mineral  is  filled  with  thin  opatiue  plates  almost  exactly  like  the  inclusions  in  the 
well-known  hercynite  from  Ronsperg,  in  Bohemia.    Apatite  was  hardly  ever  observed. 

No.  114.  Saxonite.* 
(From  nbar  Riddles,  Douglas  County,  Oregon.    Described  by  J.  S.  Diller.) 

The  saxonite,  of  which  specimen  114  is  a  sample,  occupies  an  irregular 
area  of  about  2  miles  in  extent  a  short  distance  directly  west  of  Kid- 
dies, Douglas  County,  Oregon.  It  is  almost  completely  surrounded  by 
rocks  which  are  considerably  metamorphosed,  although  upon  one  side 
it  touches  for  a  short  distance  the  Cretaceous  shales. 

The  rock  has  a  dark  yellowish-green  color  and  high  specific  gravity, 
suggesting  at  once  that  it  is  rich  in  ferromagnesian  silicates.  It 
is  holocrystalline  granular,  and  composed  essentially  of  olivine  and 
enstatite,  with  a  small  percentage  of  accessory  chromite  and  traces  of 
magnetite. 

The  olivine  predominates,  so  that  the  enstatite  forms  less  than  one- 
third  of  the  mass.  Nevertheless,  it  plays  a  much  more  important  role 
than  in  the  kimberlite  of  Kentucky.  Here  it  is  of  sufficient  importance 
to  rank  as  an  essential  constituent  of  the  rock,  and  occasionally  shows 
fine  lamelliT  twinning.  Both  the  olivine  and  the  enstatite  are  clear 
and  colorless,  but  may  be  readily  distinguished  by  their  cleavage  and 
optical  properties.  They  are  allotriomorphic  and  do  not  contain  inclu- 
sions, excepting  the  coffee-brown  grains  of  chromite  with  a  small 
amount  of  magnetite  and  fine  ferritic  dust. 

Notwithstanding  the  comparatively  fresh  condition  of  the  rock,  it  is 
in  places  completely  permeated  by  a  multitude  of  cracks  filled  with 
serpentine  resulting  from  its  alteration.  The  combination  of  enstatite 
and  olivine  would  appear  to  be  particularly  favorable  for  the  produc- 
tion of  serpentine,  as  it  supplies  to  the  other  the  material  needed 
besides  the  water  to  make  serpentine. 

Thus  saxonite,  including  the  serpentine  derived  from  it,  is  of  par- 
ticular interest  in  being  the  seat  of  deposit  of  genthite,  a  nickel  silicate 
of  economic  importance.  It  was  discovered  by  Will  Q.  Brown,  and  is 
associated  with  quartz  in  more  or  less  distinct  veins,  which,  according 
to  Mr.  W.  L.  Austin,  who  has  studied  the  deposits  in  the  field,  and 
mapped  them,  extend  across  the  entire  area  in  a  northeast  and  south- 
west direction. 


>  SaxoDite  was  named  by  Dr.  M.  E.  Wadsworth  in  his  Lithological  Studies  in  1884,  CaxxkUTv^^st^^ 
Hassachnsetts.    It  ia  the  same  rock  that  Kopenbusch  desigiialtAa ''  \ittxi>)xxT^\A:'' 
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The  genthite,  like  the  vein  qaartz,  is  of  secondary  origin,  and  from 
the  fact  that  the  olivine  in  the  saxonite  contains  nickel,  it  is  regarded 
as  the  soarce  of  that  in  the  genthite. 

The  following  analyses  of  the  saxonite  (I)  and  of  the  olivine  (II)  it 
contains  were  made  by  F.  W.  Clarke,  of  the  United  States  Geo- 
logical Survey : 

Jnalyses  of  taxonite  and  its  contained  olirine. 


Per  eeni. 

Ignition 4. 41 

SiO, 41.43 

AlgO, .04 

Cr,0, I  .76 

Fe^O, 2.52 

FeO I        6.25 

NiO .10 

MdO none 

CaC) 55 

MgO 43.74 

Total 99.80 


II. 

Per  cent. 
0.57 
42.81 

.79 

2.61 

7.20 

.26 

none 

none 

54.12 


99.36 


For  fuller  description  of  the  mode  of  occurrence  of  this  rock  and  irs 
nickel  ore  the  student  is  referred  to  United  States  Geological  Sur- 
vey, Bulletin  No.  fiO,  pages  20  to  26;  also  to  a  paper  by  W.  L.  Austin 
in  the  Proceedings  of  the  Colorado  Scientific  Society  of  Denver  fnr 
January  0,  1896,  and  to  a  communication  by  Mr.  H.  B.  von  Foullon, 
Jahrbuch  d.  k.  k.  geol.  lleichsanstalt,  Vienna,  1892,  XLII,  p.  223. 


METAMORPHIC  SEDIMENTARY  ROCKS. 

No.  115.  Crystalline  Limestone. 

(From  kast  hask  ok  Moi>or  Peak,  Eckkka  County.  Nevada.     Describki>  by 

J.  P.  Ii)niX(i8.) 

The  crystalline  limestone  from  the  Devonian  strata  was  collected  at 
the  eii«t  bi\se  of  Modoc  Peak,  Eureka,  Xevada,  and  is  called  the  Nevada 
limestone  (Monographs  U.  S.  Geol.  Survey,  Vol.  XX,  p.  63  et  seq.).  It 
is  light-<jray,  quite  crystalline  and  saccharoid,  and  contains  40.6:2  per 
cent  of  magnesium  carbonate.  It  is  not  distinctly  bedded,  being  mas- 
sive. In  thin  section  it  is  evenly  granular  and  wholly  crystalline,  with 
almost  no  a<lmixture  of  other  minerals  than  dolomite.  A  small  amount 
of  (luartz  of  subsequent  crystallization  occurs  as  scattered  patches, 
forming  a  tilling  in  minute  cavities  between  the  dolomite  crystals.  No 
other  minerals  were  observed.  The  dolomite  exhibits  the  character- 
istic cleavajxe,  but  little  or  no  twinning.  There  are  numerous  minute 
inclusions  of  an  indeterminate  nature,  probably  gas  or  fluid. 
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No.  IIG.  Marble. 

(From  Lkk,  Berkshire  County,  Massachusktts.    Drscribrd  by  J.  S.  Diller.) 

Unaltered  limestones  are  well  represented  iu  the  series  by  chalk 
(No.  39),  i)atellina  liinestoue  (No.  40),  coquina  (No.  42),  shell  limestone 
(No.  43),  cherty  limestone  (No.  44),  compact  limestone  (No.  40),  litho- 
graphic limestone  (No.  47),  and  hydraulic  limestone  (No.  48).  Speci- 
men No.  115  is  an  example  of  a  limestone  that  has  been  completely 
crystallized  since  its  deposition.  This  process  is  metamori)hic  in  its 
nature.  Owing  to  the  fact  that  calcite  is  readily  soluble  and  much 
more  easily  changed  than  the  n>ass  of  other  rock-making  minerals, 
limestones  may  become  completely  crystalline  (metamorphosed),  while 
the  adjoining  rocks  remain  but  little  altered. 

Metamorphic  limestone  is  sometimes  called  marble,  but  the  name  is 
usually  restricted,  as  in  the  trade,  to  limestone  which  will  take  a  polish. 

The  marble  of  Lee,  Massachusetts,- is  of  Cambro-Silurian  age,  and  is 
a  part  of  the  great  limestone  and  marble  belt  extending  from  Georgia, 
through  a  number  of  the  Southern,  Middle,  and  New  England  States, 
into  Canada.  Specimens  Nos.  46  and  150,  and  probably,  also  No.  117 
are  from  this  belt.  In  the  Middle  States  the  rock  is  limestone;  but  in 
New  England,  as  well  as  in  Georgia  and  Tennessee,  where  it  has  been 
subjected  to  much  greater  disturbance  and  consequent  metamorphism, 
it  is  converted  into  marble. 

The  Lee  marble  is  a  white,  uniformly  fine-grained  rock,  which  looks 
to  be  a  remarkably  pure  limestone;  but  if  so,  it  should  be  completely 
soluble.  In  ]\Ir.  E.  A.  Schneider's  chemical  analysis,  given  below,  it  is 
seen  to  contain  only  0.19  per  cent  of  insoluble  matter,  of  whose  compo- 
sition the  analysis  gives  us  but  little  information.  The  analysis  shows 
that  the  limestone  is  rich  in  carbonate  of  magnesia,  containing  over  40 
per  cent;  so  rich,  indeed,  that  it  may  be  classed  among  the  dolomites. 
In  this  respect  it  is  closely  related  to  the  Oockeysville  marble  (No. 
117);  also  that  of  Eureka,  Nevada  (No.  115). 

AnalyHn  of  Lee  marble. 


!  IVrctJiit. 


Insoluble 0.  lU 

AlA.  Fo,0, 24 

CaO '      30.88 

MgO 21.42 

(•()^ 46.72 

i  )rganic  matter 

H,0.  105'^ 


Total 99. 45 


Under  the  microscope  the  Lee  marble  is  seen  to  be  completely  crys- 
talline granular,  with  small  grains,  compaY^AAN^Vj  \w\\l«^\w  v^  ^»afe. 
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Many  of  these  show  twinniDg  bands,  but  are  generally  quite  free  from 
visible  inclusions.  The  presence  of  0.19  i)er  cent  of  insoluble  material 
would  be  exi>ected  to  reveal  itself  under  the  microscope.  However,  as 
minerals  other  than  the  carbonates  were  not  readily  detected  in  the 
section,  a  fragment  of  the  limestone  was  dissolved,  and  a  residue 
obtained  of  clear  colorless  cleavage  plates  of  a  mineral  which  has  a 
very  small  o])tic  axial  angle  and  is  negative.  The  interference  colors 
of  its  cleavage  plates  are  very  low,  in  thin  pieces,  not  even  attaining 
yellow  of  the  first  order. 

According  to  Mr.  Merrill,^  much  of  the  marble  of  Lee  and  adjoining 
localities  contains  crystals  of  tremolite,  which  weather  out  upon  expo- 
sure, leaving  the  rock  with  a  rough  i)itted  surface.  They  are  doubtless 
due  to  metamorphism.  Mr.  Hobbs^  notes  their  abundant  development 
in  the  Canaan  limestone  of  the  same  region  along  the  line  of  a  great 
fault. 

The  Lee  marble  was  used  in  the  structure  of  the  Capitol  extension, 
but  Mr.  Merrill  reports  that  the  weathering  out  of  the  tremolite  crystals 
in  the  exterior  walls  is  very  noticeable.  In  England  dolomite  is  con- 
sidered much  more  durable  than  pure  limestone,  but  that  view  does 
not  appear  to  be  shared  in  this  country.^ 

No.  117.  Marble  (Dolomite). 

(From  C'ockeysmllk,  J^altimork  County,  Makyi^nd.     DKSCRiBKn  by 

J.  S.  DlLLER.) 

This  rock  is  known  throughout  the  Baltimore  region  as  the  '^  Cockeys- 
ville  marble"  because  it  is  extensively  quarried  at  that  place.  It  is 
completely  crystalline,  as  shown  in  PI.  XL,  which  rei)resents  it  as  seen 
under  a  microscope  of  small  amplificatitm.  The  crystalline  grains  are 
much  larger  than  those  of  the  Lee  marble.  The  rhombohedral  cleavage 
is  especially  distinct  in  the  thin  section,  although  not  well  shown  in  the 
illustration,  which  was  taken  between  crossed  nicols  in  order  to  bring 
out  the  twinning  lamella'.  Grains  of  quartz,  several  of  which  are 
shown  in  the  figure,  are  common,  and  account  for  the  high  percentage 
of  silica  present.  Farther  westward  in  Maryland,  according  to 
Williams,  the  limestones  are  much  less  crystalline  and  retain  traces  of 
their  original  sedimentary  character.  All  of  these  features  are  oblit- 
erated in  the  Cockeysville  marble.  The  impurities  may  originally  have 
been  distinct,  but  now,  according  to  Williams,  have  crystallized  and 
appear  as  accessory  minerals,  the  original  sedimentary  character 
having  been  obliterated  in  the  nietaniorphism. 

There  is  little  variation  visible  in  the  hand  specimens,  but  in  the 
large  mass,  where  quarried,  there  are  considerable  variations  in  the 
size  of  the  grains,  as  well  as  chemical  composition  and  accessory  con- 


'  stones  for  JJuildinj;  and  Dcooratiou,  p.  U4. 

sfJoiir.  (Jrol.,  Vol.  T,  p.  794. 

'Stouea  tor  Jiuilding  and  DtHoraUim, "by  r,.Y."MvvTlll, p- ^1. 


THIN  SECTION  OF  MARBLE,  COCKEYSVILLE,  MI.RV\J>N1J,  tt  ^ttH  UHHtW  K  W,\'W,ri=Ra»^,  v- 


DII.LKK.J 


DESCRIPTIONS:    NO.  118,  QUARTZITE. 


301 


stitiients.    The  coarse-grained  variety,  which  is  mnch  coarser  than 
specimen  117,  is  locally  called  "ahim  stoue,"  and  is  bnrnt  for  lime. 

Two  analyses  of  this  marble  are  given  below.  The  first  was  made 
by  J.  E.  Whitfield,'  and  the  second  by  E.  A.  Schneider.  The  second 
shows  the  composition  of  the  specimen  in  this  series. 

Analyses  of  CookeifsHlh  marble. 


SiO, 

AlA 

FeO 

CaO 

MffO 

CO, 

Ijurnitioii  ... 

Totiil 


Percnit.  Terceut. 

I 

0.44      Iimoliiblo 5.57 

1.  -J-i      Al  A.  y^O^ 40 

trare   ,  CaO 29.08 

30.73    '  Mk<) .'.        20.  HO 

20.  H7    j  COa 44. 26 

45.  H5      Organic  matter 

1.  22    I  IT,0  at  105'"^ 

100.:w  Total W.61 


The  amount  of  niagnesian  carbonate  present,  as  shown  by  these  two 
analyses,  is  variable,  and  averages  a  little  over  {V^  per  cent. 

For  information  concerning  the  field  relations  of  this  rock,  the  student 
is  referred  to  the  *^  Guide  to  Baltimore,  with  an  account  of  the  Geology 
of  its  Kn virons,"  ])p.  97  to  102,  by  George  H.  Williams.  Its  distribution 
is  shown  upon  an  accompanying  geological  map. 


No.  118.   QUAUTZITE. 
(FiK)M  Caribou  Hill,  Ei-hkka  County,  Nevada.     Dkscrihki)  by  .J.  P.  Iddings.) 

The  quartzite  from  Caribou  Hill,  Eureka,  Nevada,  is  of  Silurian  age, 
and  is  desi.i^nated  on  the  athis  sheets  accompanying  Monograph  XX, 
United  States  Geological  Survey,  as  the  Eureka  (piartzite.*  It  is  dense, 
white,  and  vitreous,  in  massive  beds,  with  no  distinct  evidence  of  its 
fragmental  character  visible  to  the  unaided  eye. 

In  thin  section  it  is  seen  to  be  a  very  pure  quartz  rock,  consisting  of 
grains  of  (juartz  about  0.25"""  in  diameter.  In  general  they  are  very 
free  from  inclusions  of  foreign  mineral  matter,  but  usually  exhibit 
minute  lluid  inclusions.  Some  grains  contain  hair-like  needles  which 
are  probably  rutile.  The  fluid  inclusions  are  often  arranged  in  lines 
or  i)]anes  traversing  the  (luartz  grains  in  one  or  more  directions.  The 
shai)e  and  outline  of  the  quartz  grains  in  sotne  cases  suggest  those  of 
granitic  (piartz,  in  which  each  grain  has  crystallized  until  interrupted 
by  the  neighboring  grains;  but  in  many  cases  it  can  be  seen  that  the 
outer  portion  of  the  grain  is  an  addition  of  (luartz  substance  upon  a 
central  nucleus  of  (piartz,  which  itself  is  a  well  rounded  water-worn 
^\.\\\\.     The  inner  and  outer  portions  have  the  same  optical  orientation 


'  Bull.  60.  U.  S.  Geol.  Survey.  ]>.  159. 
*  See  Monograph  XX.  pp.  54  and  212. 
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and  appear  to  be  one  continuous  individual  crystal.  The  line  of 
demarcation  between  the  two  portions  consists  of  minute  inclusions 
surrounding  the  original  rounded  grain.  This  secondary  enlargement 
of  quartz  grains  has  been  described  by  a  number  of  petrographers,* 
and  is  due  to  the  crystallization  of  quartz  from  aqueous  solutions 
l)ermeating  the  sandstone,  the  secondary  quartz  assuming  the  same 
crystallographic  orientation  as  that  of  the  nucleus.  This  feature  may 
be  observed  also  in  tlie  Potsdam  sandstone  (PI.  X,  p.  80).  By  this 
process  a  sand$toue  may  be  converted  into  a  dense  vitreous  quartzite 
by  the  action  of  aqueous  solutions  without  the  accompaniment  ot* 
abnormal  pressure  or  of  any  increase  of  temperature. 

In  the  quartzite  from  Caribou  Hill  there  are  veins  of  chalcedony  that 
traverse  the  rock  in  all  directions  and  sink  to  microscopic  proportions. 
The  chalcedony  is  developed  in  spherulitic  growths,  radiating  from  the 
surface  walls  of  the  veins  inward,  usually  as  narrow  bands  in  thin 
section.  In  some  of  the  broader  veins  the  chalcedony  in  the  central 
portion  exhibits  definite  spherulites  and  in  some  cases  microcrypto- 
crystalline  aggregation.  It  is  distinguished  from  the  quartz  by  lower 
index  of  refraction,  and  by  the  fact  that  the  axis  of  greatest  elasticity 
is  parallel  to  the  long  axis  of  the  chalcedony  fibers,  which  are  in  a 
sense  optically  negative.  Minute  prisms  of  quartz  would  be  optically 
positive,  the  axis  of  least  elasticity  being  parallel  to  the  length  of  the 
prisms. 

It  is  evident  that  the  sandstone,  after  being  cemented  by  the  second- 
ary enlargement  of  the  quartz  grains,  and  having  been  converted  to 
quartzite,  was  subjected  to  dynamical  strain  which  fractured  it  into 
small  pieces  and  minute  particles.  It  was  then  permeated  by  solutions 
which  deposited  silica  in  the  form  of  chalcedony  in  all  the  fissures  and 
interstices  and  recemented  it  into  a  dense  quartzite. 

The  fractures,  which  are  now  indicated  by  the  veins  of  chalcedony, 
traversed  the  grains  of  quartz  and  their  quartz  cement  as  across  a 
compact  mass,  and  incomplete  parallel  fractures,  which  accompany  the 
more  perfect  ones,  are  shown  by  lines  and  planes  of  fluid  inclusions. 
These  are  therefore  of  secondary  origin,  are  subsequent  to  the  first 
cementation  and  contemporaneous  with  the  fracturing,  and  result  from 
dynamic  action. 

No.  119.  (Quartz  SCHIST. 

(From  Stkvenson  Station,  Grkkn  SrRiNO  Valley,  Haltimohe  County,  Mary- 
land.     DeSCKIBKD   by    W.  !^.  15AYLKY.) 

The  specimen  numbered  119  was  obtained  from  the  Shoemaker 
Quarry,  near  Stevenson,  a  station  on  tlie  Green  Spring  Valley  Branch 


*A.  E.  TiJriH'boliin,  Ein  licitrajj  zur  Frage  (Ut  Qu;irtzitbil«1uii^ :  (ieol.  Fiiren.  Stockli.,  1876,  Vol. 
Ill,  p.  :r>,  n-viewi-d  in  Ncuea  J  »lirl>urh  liir  Miu.,  etc.  1877,  ]».  210.  IJ.  C.  Sorby  :  (^uart.  Jour.  GcoL 
Soc.  LoiKloii,  188U,  Vol.  XXXVI,  p.  02.  A.  A.  Youiii;:  Am.  Jour.  Sci.,  July,  18H2.  R.  D.  Irviug:  Id., 
Juiir,  1H8:{.  K.  I).  Irving,  ami  C.  R.  Van  lll«e:  Hull.  8,  I'.  S.  (leol.  Sur\'ey,  1884.  T.  G.  Rotiuey  and 
J.  A.  J'bJllJpM:  Quart.  Jour.  (;«m»1.  Sor.  Loudon  ,  Vol.  XXXIX,  p.  19.  J.  P.  Iddiugtt:  Monograph  XX, 
ApjH-mlix  li,  U.  ^*.  Gtol  Siirxey,  1892,  p.  346. 
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of  the  Northern  Central  Eailroad,  in  Baltimore  County,  Maryland. 
The  rock  is  used  for  flagging,  and  for  the  foundations  and  abutments 
of  bridges. 

Geologically  the  rock  is  one  of  the  members  of  the  series  underlying 
the  eastern  portion  of  the  Piedmont  Plateau.  This  is  an  elevated  base- 
leveled  area,  which  is  divided  by  Dr.  Williams'  into  an  eastern  and  a 
western  portion.  In  the  western  portion  the  rocks  are  unquestionably 
metamorphosed  sediments  (see  description  of  No.  126),  while  in  the 
eastern  portion  tbey  are  nearly  all  holocrystalline,  though  they  may 
originally  have  been  clastic.  Some  of  them  possess  an  obscure  con- 
glomeratic habit.  They  are  beneath  the  metamorphosed  sediments  of 
the  western  plateau  region,  which  are  probably  Cambrian  and  Lower 
Silurian  in  age,  and  hence  they  are  regarded  as  probably  Algonkian, 
or,  at  any  rate,  as  preCambrian.^  The  rock  represented  by  the  speci- 
men occurs  along  the  contact  between  a  dynamically  metamorphosed 
hornblendic  and  micaceous  gneiss  and  a  crystalline  dolomitic  lime- 
stone^ known  as  theCockeysville  marble*  (No.  117).  It  passes  insensiby 
into  the  gneiss,  of  which  it  may  be  considered  a  phase.  In  the  latest 
map*  of  the  district  no  distinction  is  made  between  the  two  rocks, 
both  being  represented  by  the  same  color  and  described  as  metamor- 
phosed sediments. 

Different  specimens  of  the  rock  present  different  appearances.  All 
are  more  or  less  foliated,  and  some  are  platy.  The  least  foliated  vari- 
eties are  light-gray  rocks  with  a  sugary  texture,  ^hey  consist  of  an 
aggregate  of  small  quartz  grains  and  tiny  flakes  of  a  light-yellow 
glistening  mica.  The  more  schistose  phases  contain  much  more  mica, 
and  so  have  a  little  darker  color  than  the  less  schistose  forms.  All 
varieties  of  the  rock  are  crossed  by  parallel  joint  planes  whose  surfaces 
are  covered  with  mica  scales.  In  the  massive  varieties  the  joints  are 
less  numerous  than  they  are  in  the  more  schistose  ones,  in  which  they 
are  often  only  a  small  fraction  of  an  inch  apart.  The  surface  of  a  cross- 
fi  acture  through  a  specimen  of  this  kind  resembles  very  closely  that  of 
a  micaceous  gneiss. 

No  traces  of  bedding  planes  can  be  detected  in  any  of  the  specimens. 
Their  platy  character  is  determined  by  the  joint  planes  passing 
through  them. 


>G.  H.  WilliamH,  Tho  Petro(n*apby  and  Structnre  of  the  Piedmont  Plateau  in  Maryland:  Bull. 
Geol.  Soc.  America,  Vol.  2,  1891,  pp.  301-322;  and  Guide  to  Baltimore,  with  an  account  of  the  Geology 
of  its  Environs,  and  three  maps.  Am.  lust.  Miu.  Engineers,  Baltimore  Meeting,  February,  1892.  Pre- 
pared by  local  committee  for  the  use  of  the  iustitntc,  pp.  77-124,  ifrith  maps. 

*Cf.  C.  R.  Van  Hise,  Correlation  Papers — Archean  and  Algonkian :  Bull.  U.  S.  Geol.  Survey  No.  86; 
especially  pages  411  and  415. 

*Gnod  specimens  of  tbis  marble  are  seen  in  the  columns  and  heavy  platforms  of  the  Capitol  exten- 
sion at  Washington.  A  large  portion  of  this  building,  the  Washington  Monument,  and  the  Post- 
Office  building  in  the  same  city  are  constructed  of  it,  as  well  as  the  spires  of  St.  Patrick's  Cathedral 
in  New  York. 

^See  map  in  Guide  to  Baltimore;  and  Geological  Map  of  Baltimore  and  Vicinity,  G.H.Williams, 
editor,  published  by  Johns  Hopkins  University,  1892 ;  also  Baltimore  sheet.  Atlas  U.  S.  GeoL  Survey, 
edition  August,  1892. 

'^  A  Preliminar}'  Geological  Map  of  Maryland,  G.  H.  Williams,  editor,  1893 :  Maryland^lt%  BiiAA!Q:x^M>.x 
Industries,  and  Iiuititations,  prepared  for  the  Board  of  Wot\eC%  T5%mc  l&asi«L^vc%<it>^»JrsSa»S».x'««s^^- 
more,  1893, 
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A  close  inspection  of  the  joint  surfaces  of  most  specimens  will  show 
the  presence  of  small  grains  of  coal-black  tourmaline  in  the  midst  of 
the  mica  scales.  Dr.  Williams,^  in  his  account  of  the  petrography 
of  this  schist,  states  that  '^  its  most  characteristic  feature  is  imparted 
to  this  rock  by  long  crystals  of  black  tourmaline,  which  have  been 
developed  in  these  muscovite  layers.  These  crystals  are  invariably 
broken  and  their  fragments  separated  along  one  line,  showing  that 
the  rock  was  compressed  in  one  direction  and  elongated  or  stretched 
in  another  at  right  angles." 

The  rock  is  described  by  Williams*  in  the  following  words: 

The  least  important  of  the  rocks  of  probably  sedimentary  origin  in  the  Baltimore 
region  is  a  peculiar  schist  composed  mostly  of  quartz  and  divided  into  beds  of  vary- 
ing thickness  by  parallel  layers  of  muscovite.  ...  Its  qnartz  grains  are  of 
different  sizes,  but  are  so  completely  recrystallized  that  they  form  an  interlocking 
mosaic.  Besides  the  flakes  of  muscovite,  the  only  other  constituents  are  iron  stains  and 
occasional  crystals  of  tourmaline,  microclines,  and  zircon.  Sharply  defined  arena 
showing  a  minute  spherulitic  polarization  are  also  common.  They  are  identical  with 
those  occurring  in  the  Saxon  '' greisen/' and  probably  represent  altered  feldspar. 
The  rock  shows  the  effect  of  pressure  in  the  nndulatory  extinction  of  its  qnartz 
grains.  The  cleavage  planes  of  the  quartz-schist  are  due  to  thin  layers  of  muscovite 
in  good-sized  scales,  with  their  basal  planes  all  parallel  to  the  foliation. 

With  respect  to  its  origin  he  declares  that  the  rock  is  probably  a 
"facies  of  the  gneiss,  produced  by  some  dynamic  agency,  for  it  always 
shows  the  effect  of  internal  mechanical  action  and  motion.  Moreover, 
the  abundance  of  tourmaline  points  to  the  agency  of  fumaroles,  which 
are  always  important  factors  in  the  recrystallization  of  deeply  buried 
rocks." 

The  platy  character  of  the  rock  is  plainly  seen  in  the  hand  specimen; 
its  schistosity,  however,  is  not  so  apparent.  Nevertheless,  on  breaking 
the  rock  the  fracture  is  much  more  easily  produced  in  a  direction  par- 
allel to  that  of  the  cleavage  planes  than  in  any  other  direction,  even 
when  the  separation  is  not  along  the  cleavage  plane.  This  is  due  to 
the  arrangement  of  the  mica  scales  throughout  the  body  of  the  rock, 
with  their  flattened  sides  parallel  to  the  cleavage  planes. 

In  the  thin  section  the  irregular  grains  with  brilliant  polarization 
colors  are  quartz;  the  long,  narrow  grains  with  a  longitudinal  cleavage, 
a  very  slight  pleochroism,  an  extinction  parallel  to  the  cleavage  lines 
and  brilliant  mottled  polarization  colors  are  muscovite;  the  opaque 
crystals  and  rounded  grains  are  magnetite  and  pyrite,  altered  in  many 
cases  to  limonite  or  ochcr,  and  the  few  clear,  colorless  grains  with  pale- 
green  polarization  colors  are  plagioclase.  Some  of  these  latter  are 
crossed  by  indistinct  twinning  bars,  and  many  of  them,  particularly 
those  near  the  edges  of  the  section,  are  traversed  by  cleavage  cracks. 
In  some  sections  the  plagioclase  is  altered  to  a  cloudy  aggregate  of 
scaly  minerals  and  little  dust  particles.  Grains  of  zircon  are  rare. 
They  occur  as  small  rounded  or  elliptical  particles,  with  a  very  high 


>  Guide  to  Baltimore,  p.  I03. 
«Op.clt.,pp.lO^,10b. 
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refractive  index  and  strong  doable  refraction.  The  latter  property  is 
shown  in  the  bright  polarization  colors  and  the  former  by  the  dark 
lines  bounding  the  grains. 

The  quartz  is  the  most  characteristic  component.  It  is  in  irregularly 
interlocking  grains.  These  are  crossed  by  continuous  lines  of  tiny  dust 
inclusions  and  larger  liquid  inclosures  with  movable  bubbles.  The 
majority  of  the  grains  exhibit  undulatory  extinction,  though  this  prop- 
erty is  best  seen  in  the  thinnest  grains  near  the  edges  of  the  section. 

Along  certain  bands  the  larger  quartzes  are  embedded  in  a  rubble 
of  smaller  grains,  and  in  these  bands  the  muscovite  is  most  common. 
The  mica,  the  quartz  grains,  and  the  feldspars  are  all  elongated  in  the 
direction  of  the  banding,  producing  a  well-marked  schistosity.  In 
other  portions  of  the  section  the  muscovite  also  exhibits  a  tendency  to 
a  parallel  arrangement,  but  this  tendency  is  more  noticeable  when 
the  section  is  viewed  under  a  low-i>ower  hand  lens  than  when  exam- 
ined under  the  microscope.  The  mica^  and  the  feldspar  occur  between 
the  quartz  grains,  the  former  lying  along  the  boundaries  between  two 
grains  and  the  latter  occupying  angular  spaces  between  several 
quartzes.  Both  the  muscovite  and  the  plagioclase  show  pressure 
effects — the  mica  m  the  bending  of  occasional  flakes  and  the  feldspar 
in  the  occurrence  of  sec^ondary  twinning  lamella. 

From  the  microscopic  study  of  the  sections  we  are  led  to  the  same 
conclusion  as  that  reached  by  the  field  study  of  the  rock,  namely,  that 
it  is  a  dynamically  metamorphosed  acid  rock,  which  from  its  composition 
appears  more  likely  to  have  been  a  sandstone  than  an  eruptive.  The 
rock  is  now  a  mica-schist  in  its  most  micaceous  phases,  or  a  micaceous 
quartz-schist  in  its  less  micaceous  forms. 

No.  120.  JASPILITE. 

(From  Isupkming,  Marc^uette  County,  Michioax.    Described  by  C.  R. 

Van  Hise.) 

Macroscopical, — ^The  jaspilites  of  the  Ishpeming  area  of  the  Mar- 
quette district  in  the  Lake  Superior  region  occur  in  the  Negaunee  or 
iron-bearing  formation  of  the  Lower  Marquette  series.  They  are  banded 
rocks,  the  alternate  bands  consisting  mainly  of  small  iron-stained  par- 
ticles of  quartz,  or  jasper,  and  of  iron  oxide.  The  exposures  present  a 
brilliant  appearance,  due  to  the  interlamination  of  the  bright  red  jasi>er 
and  the  dark  red  or  black  iron  oxides.  The  iron  oxide  is  mainly  hema- 
tite, and  includes  both  red  and  specular  varieties;  but  magnetite  is 
usually  present. 

The  jasper  bands  frequently  have  oval  terminations  or  die  out  in 
an  irregular  manner.  The  rocks  have  been  folded  in  a  complicated 
fashion,  as  a  result  of  which  the  layers  present  an  extremely  contorted 


*  In  a  few  sections  there  are  present,  in  addition  to  the  muscovite,  a  few  flakes  of  a  brownish-gn^en, 
strongly  pleochroio  biotite.  These,  when  present,  are  always  closely  anROciated  with  the  muscovite. 
The  mineral  never  oconrs  in  quantity  large  enough  to  affect  the  general  cliaracter  of  the  rook. 

Bull.  150 20 
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appearance.  The  folded  layers  frequently  show  minor  faalting.  Be- 
cause of  their  brittle  character,  at  many  places  the  bands  have  become 
broken  through  and  through,  and  sometimes  they  pass  into  reibungs- 
breccias.  In  some  cases  the  movement  of  the  fragments  over  one 
another  has  been  so  severe  as  to  produce  a  conglomeratic  aspect. 

In  the  folding  of  the  rock  the  readjust;ment  has  occurred  mainly  in 
the  iron  oxide  between  the  jasper  bands.  As  a  result  of  this,  the  iron 
oxide  has  been  sheared,  and  when  a  specimen  is  cleaved  along  a  layer 
it  shows  brilliant  micaceous  hematite.  This  sheared  lustrous  hema- 
tite, present  before  the  last  dynamic  movement,  is  discriminated  with 
the  naked  eye  or  with  the  lens  from  crystal-outlined  hematite  and  mag- 
netite which  have  filled  the  cracks  in  the  jasper  bands  and  the  spaces 
between  the  sheared  lamina?  of  hematite.  The  jaspilite  differs  mainly 
from  the  ferruginous  chert  of  the  iron-bearing  formation,  with  which  it 
is  closely  associated,  in  that  the  siliceous  bands  of  the  former  are  stained 
a  bright  red  by  hematite  and  the  bands  of  ore  between  them  are  mainly 
specular  hematite,  while  in  the  cherts  the  iron  oxide  is  earthy  hematite. 
The  jaspilite  in  its  typical  form,  whenever  found,  always  occupies  one 
horizon,  the  present  top  of  the  iron-bearing  formation  just  below  the 
Goodrich  quartzite.  In  different  parts  of  the  area  the  jaspilite  has  a 
varying  thickness.  With  this  jaspilite,  or  just  above  it,  are  the  hard 
iron  ores  of  the  district^  hence  it  has  been  called  by  the  miners,  to 
discriminate  it  from  the  ferruginous  chert,  *'hard  ore  jasper." 

Microscopical. — In  thin  section  the  javspilites  are  seen  to  have  a 
minutely  laminated  character,  each  of  the  coarser  bands,  as  seen  in 
hand  specimen,  being  composed  of  many  lamime,  due  to  the  irregular 
concentration  of  the  iron  oxide.  These  laniiuje  are  of  greatly  varying 
width.  They  unite  and  part  in  a  most  irregular  fashion,  producing 
a  mesh-like  appearance,  and  frequently  1amina>  disappear,  as  do  the 
coarser  bands. 

The  complex,  bright-red  jasper  bands  are  composed  mainly  of  finely 
crystalline  cherty  quartz,  but  they  are  every wliere  stained  with  minute 
particles  of  blood  red  hematite.  The  grains  of  quartz  average  rather 
less  than  0.01"""  in  diameter,  and  each  of  these  minute  grains  contains 
one  or  more  particles  of  hematite.  These  are  concentrated  in  laniiiue, 
or  are  separate  fiecks  included  in  the  quartz  grains.  In  some  cases 
the  hematite  appears  to^^e  somewhat  concentrated  between  the  grains, 
but  in  general  it  is  arranged  in  entire  independence  of  them,  as  though 
it  were  ])resent  before  the  (juartz  had  crystallized.  The  ferruginous 
bands  coutain  a  predominating  amount  of  iron  oxide,  but  in  them  is 
included  much  quartz,  exactly  similar  to  that  of  the  jasper  bands.  The 
original,  translucent,  red,  sheared  hematite  is  easily  discriminated  from 
the  secondary  crystal  outlined  hematite  and  magnetite. 

The  folding,  faulting,  fracturing,  and  brecciatioii  spoken  of  in  hand 
spe<*jmen  are  beautifully  shown  under  the  nncroscope.  The  resultant 
cracks  and  crevi(;es  are  tilled  with  secondary  (juartz  and  crystal  outlined 
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hematite  and  magnetite.  This  quartz  is  much  more  coarsely  crystalline 
than  the  older  quartz,  the  grains  in  many  slides  averaging  from  0.05"»™ 
to  0.1"'"  in  diameter.  While  much  of  this  secondary  quartz  occurs  in 
veins  that  cut  across  the  original  lamination  of  tlie  rock,  a  good  deal  of 
it  has  entered  parallel  to  the  lamination.  Its  coarseness  and  its  like- 
ness to  the  vein  quartz  readily  distinguish  it  from  the  earlier  quartz. 
The  crystal  outlined  hematite  and  magnetite  also  help  to  fill  the  veins 
and  spaces  between  the  micaceous  hematite  lamina*.  These  secondary 
materials  usually  have  entirely  filled  the  spaces,  thus  completely  cement- 
ing the  rock,  and  because  so  much  material  has  entered  parallel  to  the 
original  lamination  this  structure  is  emphasized  by  the  secondary 
impregnations. 

It  has  been  noted  that  the  jaspilite  is  characteristic  of  the  upper- 
most horizon  of  the  iron-bearing  formation ;  that  is,  it  is  immediately 
below  the  next  overlying  series.  The  contact  zone  has  been  one  of  the 
great  i)lanes  of  accommodation,  and  thus  the  dynamic  effects  upon  the 
jaspilite  are  explained.  Between  the  jaspilite  horizon  and  that  of  the 
ferruginous  cherts  is  a  transition  zone.  In  this  the  layers  of  siliceous 
material  sometimes  have  borders  of  red  iron-stained  quartz. 

It  has  been  explained  that  the  chief  differences  between  the  jaspilites 
and  the  ferruginous  cherts  are  the  blood-red  character  of  the  minute 
hematite  i)articles  and  the  micaceous  character  of  the  ferruginous  layers 
of  the  former.  It  appears  highly  probable,  therefore,  that  dynamic 
movements  have  transformed  tiie  ferruginous  chert  into  jaspilite,  the 
layers  of  brown  liematite  being  sheared  into  micaceous  hematite  and  the 
inclusions  of  brown  hematite  being  changed  into  the  blood-red  variety.* 

XO.  121.   MAGNETITIC   SPECULAR   HEMATITE. 

(From  the  Republic    Mine,   Marquette  County,   Michigan.    Dehcriukd    bv 

C.  R.  Van  Hise.) 

The  specular  hematites  of  the  Marquette  district  occur  at  or  near  the 
contact  of  the  Upper  Marquette  and  Lower  Marquette  series,  being 
either  at  the  top  of  the  Negauuee  iron-bearing  formation  of  the  Lower 
Marquette  series,  or  at  or  near  the  base  of  the  Goodrich  quartzite  of 
the  Upper  Marquette  series.  Tbe  greater  quantities  of  the  hard  ores 
are  probably  in  the  latter  position,  and  from  this  horizon  the  particular 
specimens  described  below  are  derived.  These  hard  ores  are  all  asso- 
ciated with  jaspilite.  No.  120  of  the  Educational  Series. 

The  original  source  of  the  iron  for  the  iron  ores  is  a  silicious  siderite. 
The  ore  is  a  secondary  concentration  produced  at  favorable  places  by 
downward  percolating  waters.    In  many  cases,  after  a  first  concen- 


'For  relatioDR  of  tho  Negaanee  formation  coDtaining  jaspilite  tu  other  formations,  and  a  description 
of  the  Marquette  series,  to  which  the  Negaunee  formation  belongs,  see  Preliminary  Report  on  the 
Marquette  Iron-bearing  District  of  Michigan,  by  C.  R.  Van  Hise  and  W.  S.  Kayley,  with  a  chapter  on 
the  Republic  Trough,  by  H.  L.  Smyth:  Fifteenth  Ann.  Ropt.  U.  S.  Geol.  Survey ;  also  Mon.  U.  S.  GeoL 
Survey,  Vol.  XXVm. 
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tratiou,  there  was  a  mashing  of  the  deposits,  and  later  a  further  en  rich- 
meDt  of  the  iron  ore  by  infiltration. 

The  specimens  consist  mainly  of  brilliant  flakes  of  micaceoas  hema- 
tite, which  are  arranged  to  a  considerable  degree  with  their  greater 
dimensions  parallel,  thus  giving  the  ore  a  distinct  schistosity  or  rift. 
Between  the  fiakes  of  hematite  are  minute  granules  of  magnetite. 
Under  the  microscope  the  slides  are  best  studied  in  reflected  light. 
They  seem  to  be  made  up  mainly  of  numerous  closely  fitting  grains  of 
hematite,  the  majority  of  which  take  an  imperfect  polish,  and  have 
therefore  a  gray,  sheeny,  spotted  appearance.  The  grains,  which  are 
parted  along  the  cleavage,  reflect  the  light  like  a  mirror.  The  large 
number  of  these  reflecting  surfaces  is  appreciated  only  by  rotating  the 
section,  which  brings  successively  different  ones  into  favorable  posi- 
tions to  reflect  the  light  into  the  microscope  tube.  As  both  the  mag- 
netite and  the  hematite  are  opaque,  the  two  minerals  in  general  can 
not  be  discriminated,  although  in  some  cases  the  crystal  forms  of  mag- 
netite are  seen,  and  a  small  part  of  the  hematite,  much  of  it  in  little 
crystals,  shows  the  characteristic  blood-red  color. 

The  accessory  minerals  are  quartz,  feldspar,  muscovite,  and  griiner- 
ite.  Some  of  the  small  areas  of  quartz  and  feldspar  appear  to  be 
fragmental.  The  muscovite  occurs  mainly  in  small  independent  flakes, 
but  some  of  it  is  apparently  secondary  to  the  feldspar.  The  griinerite 
is  very  sparse.  The  translucent,  red  hematite  is  closely  associated  with 
the  feldspar,  muscovite,  and  griinerite. 

The  iron  ores  and  associated  rocks  of  the  Maniuette  iron-bearing 
district  are  fully  described  in  the  Fifteenth  Annual  Report  of  the  United 
States  Geological  Survey,  pages  501  to  589,  and  in  Monograph  XXVII, 
pages  328  to  407. 

No.  122.  Slate. 

(From  Monson,  PiscATACiUis  Cotnty,  Maink.    Drs(*kihkd  hy  W.  8.  Bay'Ley.) 

Specimen  No.  122  is  an  excellent  sample  of  the  rocks  that  are  known 
as  clay  slates.  It  is  a  very  fine-grained,  bluish-gray  variety,  with  a 
close  crystalline  texture.  It  is  so  soft  that  it  may  easily  be  scratched 
with  a  knife  blade,  but  at  the  same  time  it  is  so  dense  and  elastic  that 
it  rings  clearly  when  hit  with  a  liammer.  If  struck  on  its  side  with  a 
chisel  whose  cutting  edge  is  parallel  to  the  long  edges  of  the  specimen, 
it  will  split  into  plates  whose  minimum  thickness  is  limited  only  by  the 
skill  of  the  workman.  This  peculiarity  of  splitting  into  thin  slabs  is 
the  most  characteristic  pr()i)erty  of  slates,  and  is  that  wliich  gives 
them  their  great  economic  value.  The  evenness  with  which  they  may 
be  cleft  and  the  size  of  the  plates  obtainable  from  them  are  important 
elements  in  determining  the  suitability  of  the  material  for  roofing  and 
manufaetuiing  i)urposes.  In  a  good  slate  the  grain  is  fine,  and  the 
cleavage  planes  run  for  long  distances  without  interruption. 

llie  principal  localities  in  this  country  from  which  good  slates  come 
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are  the  Peach  Bottom  and  neighboring  regions  in  southeastern  Penn- 
sylvania and  northern  Maryland,  the  Arvon  quarries  and  mines  in  the 
western  part  of  the  upper  peninsula  of  Michigan,  various  places  in 
Vermont  and  Virginia,  and  the  quarries  of  the  Monsou  Slate  Company, 
at  Monson,  Piscataquis  County,  Maine.*  The  specimens*  in  the  col- 
lection are  from  the  last-named  locality. 

Though  not  of  as  ranch  importance  as  in  the  case  of  stone  used  in 
the  foundation  of  large  buildings,  the  strength^  of  various  slates  serves 
as  a  rough  measure  of  their  comparative  merits.  In  massive  rocks  the 
strength  is  nearly  equal  in  every  direction.  In  schists  and  bedded 
rocks  less  pressure  is  required  to  produce  crushing,  when  applied  in  a 
direction  parallel  to  their  schistosity  or  cleavage,  than  is  necessary 
when  applied  perpendicularly  to  these  structural  planes.  A  cube  of 
the  Monson  slate  measuring  an  inch  on  an  edge,  breaks  across  the 
cleavage,  pressure  being  applied  at  right  angles  to  the  cleavage,  when 
the  pressure  rea<jhes  30,426  pounds.  A  slab  12  by  6  by  1  inch,  sup- 
ported on  knife  edges  10  inches  apart,  breaks  under  a  stress  of  4,000 
pounds  when  the  pressure  is  applied  along  a  line  midway  between  the 
supports. 

The  rock  occurs  in  beds*  of  various  thicknesses,  ranging  between  20 
feet  and  4  inches,  iuterlaminated  with  hard,  fine-grained,  dark  quartz- 
ites.  The  series  strikes  about  70^  east  of  north  and  dips  at  an  angle 
of  about  78^  to  8^3^  in  a  direction  north  of  west.  The  cleavage  is 
nearly  vertical,  perhaps  inclining  about  a  degree  therefrom,  and  strikes 
nearly  in  the  same  direction  as  the  beds.  The  difference  in  the  inclina- 
tion of  the  cleavage  and  bedding  causes  the  course  of  the  former  to 
cross  that  of  the  latter  at  a  small  angle,  but  since  the  quartzite  is  so 
much  harder  than  the  slate,  the  cleavage  planes  that  are  so  marked  in 
the  softer  rock  stop  abruptly  when  the  contact  of  the  quartzite  is  reached, 
or  cross  it  as  a  few  fractures  or  slight  faults.  Since  the  cleavage  and 
the  bedding  are  not  coincident,  and  not  even  parallel,  it  is  evident  that 
the  former  is  not  in  any  way  dependent  upon  sedimentation.  A  shale 
splits  easiest  along  its  bedding  planes.  The  Monson  slate  can  not  be 
split  along  its  bedding,  but  it  is  easily  cleft  along  its  cleavage  planes. 
In  other  words,  the  cleavage  of  shales  is  an  original  characteristic, 
while  that  of  slates  must  be  of  secondary  origin. 

The  cause  of  cleavage  in  slates  has  been  carefully  studied  by  many 
geologists.    Sharpe,'^  as  long  ago  as  1846,  held  that  the  cleavage  of 


'For  amount!)  quarried  in  different  districts  see  Mineral  Resources  of  the  United  StateH  for  1888 
acd  later  years,  and  for  descriptions  of  the  districts,  consult  G.  P*.  Merrill,  The  Collection  of  Building 
and  Ornamental  Stones  in  the  U.  S.  Nat.  Mus. :  Kept. Smithson.  Inst.  1885-86,  Pt.  II,  p. 464,  et  Heq. 

'The  specimens  in  the  collection  and  the  thin  sUibs  were  kindly  furnished  by  the  Monson  Company, 
as  were  also  the  results  of  the  stronf^^th  tests  and  the  analysis. 

*  For  statements  regarding  testa  of  building  stones,  see  Merrill,  loo.  cit.,  p.  489. 

^Thought  by  Prof.  C.  H.  Hitchcock  to  be  Cambrian  or  Lower  Silurian.  See  geological  map  of  Maine 
in  Colby's  Atlas  of  Maine.    Houlton,  1884. 

*  Daniel  Sharpe,  On  SUty  Cleavage :  Quart.  Jour.  GeoL  Soc.  London,  1846,  YoL  III,  pp.  74-105 ;  Vol.  V, 
1849,  pp.  860.^96. 
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slates  18  due  to  the  flattening  of  the  constituent  grains.  Sorby '  believed 
that  slaty  cleavage  is  caused  mainly  by  the  rotation  of  the  mineral  par- 
ticleSy  and  especially  mica,  until  the  flat  grains  assume  a  position  where 
they  may  best  resist  further  rotation,  namely,  a  position  at  or  near 
right  angles  to  the  pressure.  As  favoring  this  view,  he  subjected  a 
mixture  of  clay  and  iron  oxide  to  pressure,  and  obtained  a  cleavage 
structure  at  right  angles  to  the  i)ressure.  Tyndall-  and  Daubree^  have 
also  produced  a  cleavage  in  substances  by  simple  pressure.  The  former 
used  beeswax,  clay,  etc.,  and  the  latter  clay  mixed  with  scales  of  mica. 
In  each  case  in  the  resultant  cleavable  product  the  flat  particles  were 
always  found  with  their  broad  sides  in  the  plane  of  cleavage;  but 
Tyndall  held,  with  Sharpe,  that  in  the  case  of  beeswax,  as  in  all  cases 
of  nature,  the  cleavage  is  produced  mainly  by  the  flattening  of  the  con- 
stituent particles. 

In  nature  the  pressure  that  produces  the  cleavage  is  the  same  as  that 
which  bows  and  bends  the  rocks  of  the  earth's  crust.  Since  this  pres- 
sure is  rarely  perpendicular  to  the  bedding,  it  follows  that  the  super- 
induced cleavage  is  rarely  i)jirallel  to  the  bedding.  In  many  cases  it  is 
probable  that  the  force  that  upturned  the  rocks  at  the  same  time  pro- 
duced in  soft  beds  a  cleavage;  in  other  cases  the  (cleavage  was  produced 
subsequent  to  the  upturning  of  the  rocks;  and  in  rare  cases  two  cleav- 
ages were  produced  by  pressure  acting  at  different  times  along  two 
different  directions.*  In  addition  to  the  cleavage  produced  in  a  rock  by 
pressure,  it  usually  happens  that  this  agency  causes  such  a  change  in 
the  conditions  under  which  the  rock  exists  that  crystallization  is  set  up 
in  its  material,  so  that  its  original  nature  is  largely  obscured.  Slates 
are  usually  interbedded  with  undoubted  fragmental  rocks  like  quartz- 
ites,  grading  into  these  and  into  conglomerates.  Consequently,  it  is 
assumed  that  its  original  condition  was  fragmental,  though  perhaps  no 
traces  of  this  condition  are  now  dis(5ernible.  If  the  original  bed  was 
fragmental,  the  deposit  must  have  been  of  a  very  fine  grain,  like  mud 
or  silt.  Mr.  Hutchings*  has  recently  examined  such  beds  in  which 
schistosity  has  not  been  produced,  and  has  obtained  from  them  a  great 
deal  of  information  with  respect  to  the  cx)urse  of  crystallization  set  up 
in  them.  He  concludes  that  nearly  all  the  mica  of  slates  is  a  second- 
ary product,  derived  by  the  alteration  of  constituents  of  the  original 
deposit.  Other  components  of  the  slate  are  also  new  products,  formed 
subsequent  to  the  deposition,  and  hence  the  slate  in  its  present  condi- 
tion is  composed  largely  of  crystallized  secondary  material.  In  this 
sense  the  slate  is  crystalline,  and  should  be  classed  with  the  crystalline 
schists.  Since,  however,  we  know  that  it  was  originally  a  sediment, 
we  usually  class  it  among  the  fragmental  rocks,  thus  placing  more 


'  Ediuburgli  New  Phil.  Jour.,  vol.  LV.,  1853,  p.  137. 
'  Philcs.  Ma;L:.,  I V,  XIL  p.  129. 
'(T<''olo^ie  Exprrinieiitah'.  p.  391. 

*  Cf.  C.  R.  Van  Hisc :  JiiiU.  G«'ol.  Soc.  America,  vol.  2.  p.  209. 

*  Geological  Magazine,  Vol.  VII,  June  and  July,  1890,  and  Vol.  VIII,  1891,  p.  164. 
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emphasis  upon  the  genetic  relations  of  the  rock  than  upon  its  present 
condition. 

Van  Hise^  has  recently  rediscnssed  slaty  cleavage.  He  concludes 
that  the  structure  is  due  to  the  arrangement  of  the  mineral  particles 
with  their  longer  diameters  or  readiest  cleavage,  or  both,  in  a  common 
direction,  and  that  the  cause  of  this  arrangement  is,  first  and  most 
im.i>ortant,  the  parallel  development  of  new  minerals;  second,  the  flat- 
tening and  parallel  rotation  of  old  and  new  mineral  particles,  and  third, 
and  of  least  importance,  the  rotation  into  approximately  parallel  posi- 
tions of  random  original  particles.  He  further  concludes  that  this 
structure  is  developed  in  rocks  when  they  are  so  deeply  buried  as  to  be 
in  the  zone  of  plastic  flow,  and  that  the  structure  develops  in  the  planes 
normal  to  the  greatest  pressure. 

Under  the  microscope  the  principal  mineral  constituents  of  the  Mon- 
son  slate  in  the  collection  are  discovered  to  be  quartz,  chlorite,  musco- 
vite,  biotite,  magnetite,  and  a  few  little  black  organic  particles.  These 
are  nearly  all  in  the  form  of  small  lenses,  with  their  long  axes  in  the  same 
direction.  The  largest  grains  are  those  of  chlorite.  This  mineral  is  in 
light-green  masses,  with  a  dark-green  pleochroism.  Its  double  refrac- 
tion is  weak,  so  that  between  crossed  nicols  it  polarizes  in  gray  or  blue 
tints.  Around  its  grains  bend  the  flakes  of  muscovite,  etc. — a  proof 
that  the  former  must  have  existed  when  the  cleavage  was  superinduced 
in  the  rock.  It  is  probable  that  the  grains  were  then  plagioclase  and 
that  the  chlorite  has  since  been  produced  by  its  alteration.  Chlorite 
also  exists  in  little  shreds  between  the  other  components,  where  it  is 
always  elongated  in  the  direction  of  the  foliation. 

The  next  most  abundant  components  are  the  micas.  These  occur  as 
tiny  shreds  and  flakes  of  muscovite  that  can  be  detected  only  between 
crossed  nicols,  when  it  appears  with  bright  polarization  colors  and  as 
larger,  ill-defined  masses  of  brown  biotite.  The  latter  sometimes  occurs 
also  as  small  flakes  lying  parallel  to  the  muscovite  plates.  It  is  by  no 
means  so  common  as  the  muscovite,  nor  is  it  always  arranged  with  its 
flat  sides  in  the  plane  of  cleavage.  Since  the  flakes  of  muscovite  are 
not  crowded  around  the  large  masses  of  biotite  as  they  are  around  the 
chlorite  grains,  it  would  seem  that  the  biotite  must  have  been  formed 
after  the  potash  mica.  It  includes  shreds  of  the  muscovite,  and  in  its 
arrangement  it  by  no  means  follows  the  rule  that  the  long  axes  are 
parallel  to  the  cleavage.  Its  genesis,  consequently,  was  probably  sub- 
sequent to  the  origin  of  the  foliation. 

The  quartz  is  not  in  large  quantity.  Only  occasionally  can  little 
grains  be  detected,  when  they  have  the  usual  elliptical  cross  section. 
The  magnetite  and  the  organic  substance  are  both  in  comparatively 
large-sized  grains.  The  former  have  badly  defined  crystallographic 
outlines,  while  those  of  the  latter  are  irregular  and  ragged.    If  a  small 


'Principles  of  North  American  Pre-Cambrinn  Geology,  by  C.  R.  Van  Hise :  Sixteenth  Ann.  Kept. 
U.  S.  Geol.  Surrey,  Part  I,  pp.  633-068.  See  also  DeformaUon  of  Bocks,  Part  III,  Cleavai^e  aadFvu.a\^^  . 
Jour.  Geol.,  VoL  IV,  1896,  pp.  i4»-483. 
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portion  of  the  sect^'oii  is  heated  for  some  time  on  a  piece  of  platinum 
before  the  blowpipe  the  organic  particles  are  burned  out,  while  the 
magnetite  remains  unchanged.  This  is  about  the  only  method  of  dis- 
tinguishing between  the  two  substances  when  present  in  such  small 
particles.  It  is  impossible  to  determine,  except  by  careful  chemical 
tests,  whether  the  organic  material  is  carbon  or  a  compound  of  this 
element.  Besides  these  opaque  constituents  there  are  in  the  muscovite 
shreds,  between  the  lamellae,  numerous  little  black  particles,  most  of 
which  are  in  tiny  short  needles,  though  a  few  are  in  larger  round  or 
irregularly  shaped  masses.  The  latter  have  a  brownish  color,  but  their 
dimensions  are  so  small  that  the  nature  of  the  material  composing  them 
can  not  be  determined.  From  analogy,  however,  we  may  conclude  that 
they  are  tiny  grains  of  rutile.  This  mineral  in  small  needles  is  so 
characteristic  of  slates  that  they  were  long  known  by  the  German 
petrographers  under  the  indefinite  name  of  thonschiefernadeln,  until 
in  1881  Gathrein  ^  proved  them  to  consist  of  rutile. 

No  other  components  are  important  enough  to  merit  mention  as 
essential  to  the  rock,  though  perhaps  in  an  occasional  section  a  single 
grain  of  pyrite  or  of  some  other  widely  occurring  mineral  may  be 
detected. 

From  the  microscopic  examination  of  the  slate  we  easily  discover 
why  it  splits  so  readily  in  one  direction  only  and  in  such  very  thin 
plates.  The  different  constituents,  with  the  exception  of  the  biotite, 
are  arranged  in  layers  composed  of  flat  pieces  lying  in  parallel  posi- 
tions and  overlapping  and  dovetailing  into  one  another.  Across  the 
lamina'  fracture  is  difficult,  and  the  fracture  surface  is  rough,  for  the 
breaks,  following  the  paths  of  least  resistance,  refuse  to  pass  across 
the  grains  in  their  courses  when  they  can  so  easily  turn  aside  and  pass 
around  them.  The  crystalline  structure  noticed  on  tbe  cross-fracture 
surface  is  caoeed  by  the  projection  of  the  grains.  The  cleavage  surface, 
on  the  contrary,  is  smooth,  because  so  few  grains  extend  from  one  layer 
into  the  other  that  the  easiest  path  for  the  fracture  is  between  successive 
layers. 

In  the  following  table  the  composition  of  the  rock,  as  determined  by 
L.  M.  Norton,  is  given  in  column  I ;  in  column  II  is  given  the  composi- 
tion of  a  specimen  of  the  Peach  Bottom  slates,  Pennsylvania. 


XeaM  Jahrb.  f.  Min.,  etc.,  1S81, 1,  p.  169. 
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Analyses  of  slates. 


The  specific  gravity  of  the  Monsoii  slate  is  2.851. 

The  analysis  accords  well  with  the  results  of  the  microscopic  study 
of  the  thin  section.  The  small  amount  of  magnesia  indicates  a  small 
proportion  of  biotite.  The  absence  of  plagioclase  is  revealed  by  the 
small  i)ercentage  of  lime.  The  large  proportion  of  potash  points  to  an 
abundance  of  muscovite,  while  the  water  and  ferrous  iron  show  the 
presence  of  chlorite.  The  percentage  of  silica  is  so  low  that  there  can 
not  be  much  quartz  in  the  rock,  and  the  alumina  is  just  about  sufQcient 
to  combine  with  the  potash,  magnesia,  and  iron  protoxide  to  fo^m 
muscovite,  biotite,  and  chlorite.  The  soda  may  indicate  the  presence 
of  a  very  alkaline  feldspar,  or  it  may  be  present  in  the  light-colored 
mica,  some  of  which  may  be  paragonite  instead  of  muscovite.^ 


No.  123.  Indurated  Jointed  Shale. 

(From  Sombkvillk,  Middlesex  County,  MASSACiirsEiTs.    Described  by  C.  R. 

Van  Hise.) 

Various  causes  have  been  assigned  for  joints,  of  which  the  more 
important  are  tension,  torsion,  and  compression.  It  is  believed  that 
joints  may  be  classified  into  tension  joints  and  compression  joints,  tor- 
sion joints  being  but  a  variety  of  tension  joints.  The  first  are  ordinarily 
in  the  normal  planes,  or  at  right  angles  to  the  stretching  force;  the 
second  are  in  shearing  planes,  or  are  inclined  to  the  crushing  force.^ 

Joints  may  be  produced  in  rocks  in  the  outer  zone  of  the  crust  of  the 
earth,  where  fracturing  results  from  deformation.  Bocks  which  are 
buried  to  a  great  depth  are  under  such  a  load  that  it  is  impossible 
that  crevices  and  cracks  can  exist;  therefore  jointing  does  not  occur. 


'For  other  deaoriptions  of  slates  see  Irving  and  Van  Hise,  Tenth  Ann.  Kept.  U.  S.  Geol.  Survey, 
pp.  372,  428;  Geology  of  Wisconsin,  Vol.  Ill;  and  for  general  account  of  slate  regions,  etc.,  Report 
on  Boilding  Stones  of  the  United  States.  Census  of  1880,  Washington,  1884. 

•For  a  ftaller  discussion  of  Joints,  see  Principles  of  North  AmcvVcwv '^t«-C,*k^s^*.\v  <5»««:Jv^>K  x\s^ 
C.  R.  Van  Hise:  Sixteenth  Aim.  Kept.  U.  S.  Geol.Huxvey^'Pttxtl.,  V^.««Mn*L. 


314  THE   EDUCATIONAL    SERIES   OF    ROCK   SPECIMENS,     [bull.  150. 

Jointing  is  almost  certainly  confined  to  the  outer  10,000  meters  of  the 
crust  of  the  earth,  and  is  perhaps  confined  to  the  outer  5,000  meters. 

Tension  joints. — Tension  is  often  due  to  the  contraction  caused  by 
cooling  or  by  desiccation.  It  is  well  known  that  the  peculiar  columnar 
jointing  of  igneous  rocks  is  due  to  the  contraction  and  consequent  ten- 
sion caused  by  cooling,  and  the  mud  cracks  of  sedimentary  rocks  are 
due  to  the  contraction  and  consequent  tension  caused  by  desiccation. 
However,  it  is  probable  that  neither  cooling  nor  desiccation  is  important 
in  the  production  of  systematic  parallel  sets  of  joints. 

When  rocks  are  simply  folded  in  the  outer  zone  of  fracture,  the  con- 
vex halves  of  the  folds  may  be  subjected  to  simple  tension,  and  if  this 
goes  beyond  the  ultimate  tensile  strength  of  the  rocks,  radial  cracks 
will  form,  which  extend  through  the  strata  and  strike  parallel  with  the 
rocks.  In  rocks  which  are  complexly  folded  or  cross  folded,  there  may 
be  two  sets  of  tensile  joints  which  intersect  each  other  nearly  at  right 
angles.  Tensile  joints  in  homogeneous  rocks  are  exactly  or  nearly  at 
right  angles  to  the  stretching  force. 

Daubr^'  has  shown  that  if  a  brittle  plate  breaks  when  it  is  subjected 
to  torsion,  a  double  set  of  parallel  fractures  nearly  at  right  angles  to 
each  other  are  produced.  The  forces  which  produce  complex  folding 
stretch  the  convex  parts  of  the  strata,  where  not  too  deeply  buried,  in 
two  rectangular  directions;  or,  in  other  words,  they  are  subject  to 
torsion.  It  therefore  appears  that  Daubr^e's  explanation  of  joints  by 
torsion  is  but  another  statement  of  the  production  of  joints  by  complex 
folding  in  the  two  principal  planes  of  tensile  stress. 

Compression  joints. — Daubr^e^  and  Becker^  have  shown  that  joints 
may  be  produced  by  compression.  Then  there  may  be  jointing  in  two 
sets  of  shearing  i)lanes  when  the  rocks  are  subjected  to  a  single  stress, 
and,  according  to  Becker,  there  may  be  joints  in  three  or  four  planes 
when  they  are  subjected  to  unequal  stresses  in  different  directions,  in 
the  latter  case  one  of  these  sets  of  joints  being  normal  to  tensile  stress 
and  the  other  in  shearing  planes.  In  all  cases  in  which  jointing  occurs 
in  shearing  planes  the  joints  are  inclined  to  the  pressure.  In  a  simple 
ideal  case  the  joints  should  be  at  an  angle  of  45°  to  the  pressure,  but 
this  rarely  occurs  in  nature.  Fracturing  along  shearing  planes  is  illus- 
trated when  stones  are  crushed  in  a  testing  machine.  The  fractures 
do  not  form  in  the  lines  of  pressure,  but  in  general  at  any  place  in  a 
homogeneous  rock  in  two  intersecting  directions  at  angles  somewhat 
less  than  OO^  to  each  other.  The  direction  of  pressure  bisects  the  acute 
angle. 

Becker  has  explained  that  minor  faulting  is  a  common  phenomenon 
of  compression  joints. 


'  Geologio  Exp6rimontale,  by  A.  Dauhree,  pp.  306-:{14.  Pari«.  1879. 

'Ibid.,  pp.  315-322,  Paris,  1876. 

'George  F.  Becker:  Finite  homogeneouH  stniin,  tiow,  and  ruptui'e  of  n>ck8:  Bull.  Geol.  Soc. 
America,  Vol.  IV,  1893,  pp.  41-75.  The  torsional  theory  of  joiutH:  Trans.  Am.  Inst.  Min.  EDgineers, 
VoL  XXIV,  18W,  pp.  130-138. 
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111  inauy  cases  when  the  rocks  are  jointed  in  more  than  one  direction 
the  different  sets  of  joints  may  have  been  produced  by  successive 
orogenic  movements,  rather  than  at  a  single  period  of  deformation. 

The  specimen  (No.  121)  from  Somerville,  Massachusetts,  belongs  to  the 
so-called  "Cambridge  slates"  whose  geologic  age  is  not  yet  positively 
known.  Crosby  has  referred  them  to  the  Carboniferous,  but  others 
have  considered  them  to  be  Cambrian. 

The  specimen  is  bounded  by  three  sets  of  joints.  One  set  is  parallel 
to  the  bedding;  the  other  two  sets  intersect  the  b^^ding  at  acute  angles 
and  are  at  acute  angles  to  each  other.  As  a  result  of  the  three  sets  of 
joints,  the  rock  is  broken  into  rhomboidal  blocks  (or  more  accurately 
oblique  parallelopipeds)  bounded  by  the  three  sets  of  joint  planes,  each 
piece  having  as  boundaries  two  parallel  fractures  along  each  of  the  three 
sets  of  joints.  Probably  each  of  the  sets  of  joints  is  produced  by  com- 
pression rather  than  by  tension,  and  therefore  is  formed  along  shearing 
planes.  The  joints  parallel  to  the  bedding  are  undoubtedly  controlled 
in  direction  by  planes  of  weakness  along  the  bedding.  As  shown  by  the 
smoothed  surfaces,  there  has  been  slipping  along  many  of  these  joints 
during  the  folding  process.  In  some  cases  the  evidence  of  readjust- 
ment in  slickensided  faces  is  also  seen  along  the  sets  of  joints  inter- 
secting the  bedding. 

No.  124.  Crumpled  Shale. 

(From  Hot  Springs,  Madisox  CorNTY,  North  Carolina.    Described  by  Bailey 

Willis.) 

The  specimen  of  crumpled  calcareous  shale  illustrates  the  folding  of 
laminated  rocks.  When  this  shale  was  deposited  as  a  sediment  its 
successive  layers  of  red  and  buff  mud  were  level  and  parallel.  In  that 
position  they  hardened  into  tirm  rock.  The  shale  was  gradually  buried 
beneath  later  sediments  and  sank  into  the  earth's  mass.  At  a  depth 
of  a  few  thousand  feet  the  superincumbent  pressure  was  such  as  to  hold 
this  shale  in  a  condition. in  which  it  could  not  break  apart.  When 
compressed  edgewise  by  a  sufficient  lateral  force  the  layers  were 
obliged  to  bend  like  paper.  In  thus  bending,  they  slid  one  over 
another,  they  were  s(iueezed  thinner  in  certain  parts  of  the  fold,  on  the 
limbs,  and  they  thickened  where  the  combined  pressure  of  load  and 
edgewise  thrust  were  less  intense. 

Folds  of  rock  masses  are  not  limited  to  small  crumples  such  as  can 
be  shown  in  a  specimen.  The  beds  of  strata  folded  may  be  5,000  feet, 
or  five  times  5,000  feet  thick;  then  the  folds  are  large.  For  example, 
in  central  Pennsylvania  there  is  a  fold,  known  as  the  Nittany  Arch, 
which  is  25  miles  across  and  about  150  miles  long.  Examples  of  still 
larger  folds  might  be  cited. 

The  accompanying  illustrations^  show  two  forms  of  single  folds. 
One  of  these  (Fig.  J.,  PI.  XLI),  which  is  open  upward  like  a  trough,  is 


1  PlAte  XLVm,  Thirteenth  Ann.  Kept..  IT.  S.  Oeol.  Survey. 
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called  a  syneline.  The  other  (Fig.  Bj  PL  XLI),  which  is  arched  upward, 
is  called  an  anticline. 

Synclines  and  anticlines  usually  occur  in  association,  side  by  side 
and  overlapping  end  on  end.  They  then  form  systems  of  folds,  which 
may  be  of  great  extent.  The  Appalachian  system  of  folds  extends 
from  Nova  Scotia  to  Alabama,  about  1,600  miles,  and  varies  from  50  to 
125  miles  in  width.  Along  the  eastern  base  of  the  Eocky  Mountains 
there  is  a  similar  system  of  folds. 

Folds  develop  many  different  forms,  both  in  cross  section  and  in  lon- 
gitudinal section.  They  are  usually  classified  according  to  the  degree 
of  compression,  which  varies  from  gentle  undulations  to  structures  in 
which  the  strata  are  pressed  closely  in  vertical  positions,  or  to  those  in 
which  the  beds  are  even  overturned  and  squeezed  out  thin.  Folds  are 
also  classified  according  to  magnitude  and  complexity.  Any  large  fold 
includes  smaller  folds,  each  such  smaller  fold  includes  still  smaller 
folds,  and  so  on  down  to  microscopic  crinkles. 

Strictly  speaking,  in  folds  the  relative  order  of  strata  is  not  changed; 
beds  a,  ft,  c,  (Z,  e,  /,  etc.,  after  folding  succeed  one  another  in  their 
original  order.  But  there  is  another  class  of  structures  resulting 
from  compression,  called  faults^  overthrustSj  or  thrusts,  which  are  char- 
acterized  by  a  change  in  the  order  of  strata.  When  rocks  break,  the 
separate  parts  may  be  pushed  one  over  another.  When  folding,  rocks 
are  so  intensely  compressed  that  some  strata,  softer  than  others,  are 
squeezed  out,  then  that  portion  of  the  fold  above  the  squeeze  may  be 
pushed  over  the  portion  beneath.  When  rocks  flow  under  tremendous 
pressure  the  movement  of  flow  may  be  concentrated  in  a  plane  or  in  a 
number  of  planes  in  a  narrow  zone.  Then  the  rock  is  divided  at  each 
plane,  and  the  parts  may  be  moved  ])ast  one  another.  In  all  these 
cases  the  changes  of  form  in  the  rock  mass  may  result  in  i)lacing  a 
lower  formation  d,  over  a  higher  stratum  /.  Such  a  structure  is  an 
overthrust,  and  the  rock  is  said  to  be  faulted.^ 

Overthrusts  vary  in  magnitude  from  those  which  may  be  visible  in 
the  specimens  of  crumpled  shale  to  those  of  the  southern  Appalachians, 
which  exceed  300  miles  in  length  and  traverse  strata  10,000  feet  thick. 

The  deformation  of  rock  masses  is  more  fully  illustrated  and  discussed 
by  the  writer  in  the  Thirteenth  Annual  Report  of  the  United  States 
Geological  Survey,  pp.  211  to  281,  and  by  C.  R.  Van  Hise  in  the  Six- 
teenth Annual  Report  of  tlie  United  States  Geological  Survey,  pp.  581 
to  872;  also  in  the  Journal  of  Geology,  Vol.  IV,  1896,  pp.  195  to  213 
and  313  to  353. 

No.  125.  Faulted  Pebble  of  Cretaceous  Conglomerate. 

(From  Siskiyou  Mountain,  California.    Described  jjy  Bailey  Willis.) 

There  is  movement  in  tbe  solid  rock  masses  of  the  earth.  Earth- 
quakes are  a  violent  but  temi)orary  eflect  of  forces  which  act  constantly 
to  modi fy  at  least  the  surface  of  the  globe.    The  nature  of  these  forces 

'  Plate  LII,  Fig.  1,  'J.'birtoeiith  Ai\i\.  Ucvt., V  .^.GwA.^uxx^^s. 
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is  but  vaguely  understood.  They  originate  in  gravity,  in  the  earth's 
internal  heat,  and  in  physical  and  chemical  reactions  at  temperatures 
and  pressures  which  far  within  the  earth  greatly  exceed  human  experi- 
ence. 

To  these  forces  are  due  the  difterences  of  elevatiou  of  sea  bottoms 
and  continents;  they  raise  mountain  ranges,  from  which  the  atmos- 
pheric agents,  heat,  frost,  wind  and  rain,  carve  individual  mountains; 
they  are  active  now,  and  have  been  active  throughout  all  the  earth's 
past. 

These  forces  act  upon  rock  masses  whose  size  may  be  measured  by 
cubic  miles,  and  whose  weight  may  be  expressed  in  millions  of  tons. 
The  power  of  these  forces  is  beyond  comprehension. 

Against  such  forces  the  resistance  of  firm  rocks  is  but  as  the  plas- 
ticity of  wax.  In  the  movements  within  the  earth's  mass  rocks  break, 
bend,  or  even  flow.  Whether  they  break,  or  bend,  or  flow  depends 
upon  the  amount  of  superincumbent  load  under  which  they  are  forced 
to  change  form.  The  softening  eflect  of  heat  is  for  rocks  of  the  outer 
crust  insignificant  as  compared  with  the  influence  of  pressure. 

Consider  any  horizontal  layer  of  the  earth's  crust.  It  rests  with  all 
its  weight  on  the  next  layer  below.  The  weight  of  the  two  layers  is 
borne  by  a  third  below  them;  and  so  on  into  the  depths.  The  pressure 
due  to  this  weight  of  the  rocks  increases  rapidly  downward.  At  5 
miles  below  the  surface  it  is  sufficient  to  crush  most  rocks;  at  10  miles 
below  the  surface  the  pressure  of  load  exceeds  the  strength  of  the 
hardest  rocks  at  the  surface. 

Rock  masses  which  are  lightly  loaded  as  compared  with  their  strength, 
that  is,  rocks  near  the  surface,  break  when  forced  to  move.  Rock 
masses  which  are  more  heavily  loaded  as  compared  with  their  strength, 
that  is,  rocks  lying  deeper  in  the  earth,  bend  when  obliged  to  change 
form.  Rock  masses  which  are  loaded  in  excess  of  their  strength,  that 
is,  rocks  at  depths  of  6  to  10  miles  below  the  surface,  flow  from  regions 
of  overwhelming  force  to  regions  of  less  resistance. 

The  specimen  of  a  faulted  pebble.  No.  125,  from  a  Cretaceous  con- 
glomerate in  northern  California,  illustrates  the  breaking  of  rock 
masses.  The  pebble  is  composed  of  the  very  hard  and  brittle  mineral, 
quartz.  It  has  not  been  cracked  by  a  blow,  it  was  not  suddenly 
shattered,  but  it  has  been  broken  across  by  pressure.  Afterwards  the 
separated  parts  have  been  cemented  by  the  deposition  of  silica  from 
solution.  Many  pebbles  over  a  large  area  in  this  particular  conglom- 
erate are  thus  broken,  showing  that  the  eflect  of  the  force  was  dis- 
tributed throughout  the  mass  of  the  rock. 

No.  126.    Phyllite  (Sericitk-sohist). 

(From  LAiUKSBURti,  Frederick  County,  Maryland.      Drhcribbd  by 

W.    S.    liAYLEY.) 

The  western  portion  of  the  Piedmont  Plateau  in  Maryland  la  \\\vis3^- 
lain  by  rocks  that  are  less  thoroughly  cry ataWViv^  Wiwv  ^^^  >iX\a^^  ^'^  *<5«iRk 
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eastern  portioD.^  While  they  have  been  subjected  to  a  certain  amount 
of  metamorphism  and  alteration,  they  still  plainly  show  that  they  were 
once  sediments  of  an  ordinary  type,  such  as  limestones,  shales,  etc. 
The  line  of  demarcation  between  these  rocks  and  the  more  crystalline 
schists  to  the  east  is  sharp.  Where  occasionally  the  less  crystalline 
rocks  are  infolded  with  the  more  crystalline  ones,  the  former  appear  to 
be  much  younger  than  the  latter.  Moreover,  they  are  interbedded  in 
places  with  a  lower  Silurian  limestone,  and  are  always  much  less  folded 
and  distorted  than  are  the  eastern  schists.  The  eastern  schists  are 
regarded  by  Williams^  as  Algonkian  in  age,  and  the  western  ones  as 
Cambrian  and  Lower  Silurian. 

The  principal  rock  of  the  western  area  is  a  phyllite^  of  which  several 
types  occur.  That  represented  by  the  specimen  is  the  most  character- 
istic. All  the  phyllites  were  originally  argillaceous  sediments.  Since 
their  deposition  they  have  been  subjected  to  dynamic  and  chemical 
metamorphism. 

Dr.  Williams  describes  these  phyllites  as  constituted  principally  of 
a  silky  white  mica  (kaolin  or  sericite),  whose  individual  scales  vary 
greatly  in  size  in  different  specimens.  This  is  sometimes  wholly  or  in 
part  replaced  by  chlorite,  forming  a  chlorite-schist.  Quartz  grains  of 
varying  size  and  outline  are  generally  present,  while  feldspar  is 
extremely  rare.  It  is  probably  the  alteration  of  this  mineral  in  the 
process  of  weathering  that  has  yielded  the  micaceous  component.  Iron 
oxide  is  also  present  in  very  small  grains.  Tourmaline  in  small  crystals 
is  very  common,  as  are  also  microscopic  needles  of  rutile  (thonschiefer- 
nadeln).  The  phyllites  have  always  a  perfect  cleavage  and  a  satiny 
luster  which  increases  with  the  crystallization  of  new  mica.  Their  color 
ranges  from  black  through  every  shade  of  purple,  blue,  and  green  to  a 
pale  gray.  The  darker  varieties  are  largely  worked  as  roofing  slates.^ 
Evidences  of  clastic  structure  are  not  infrequently  preserved  in  the 
shape  of  rounded  grains  and  small  pebbles  of  varying  appearance  and 
composition.  Where  least  disturbed  these  slates  are  jointed  and  cut  by 
cross  seams  of  chlorite  or  quartz.  When  they  are  more  disturbed  they 
become  greatly  puckered  and  tilled  with  eyes  of  quartz.^ 

The  specimen  in  the  collection  represents  one  of  the  lightest  colored 
of  the  pliyllites.  It  came  from  near  the  town  of  Ladiesburg,  in  Fred- 
erick County,  on  the  western  side  of  the  area  occupied  by  these  rocks, 
near  the  contact  of  the  phyllites  with  the  overlying  Kewark  sand- 
stones.*^   The  rock  is  so  closely  folded  and  so  perfectly  cleaved  that  its 


'Cf.  de8('ri])ti<»u  of  No,  119. 

^Cf.  H.  "NVilliaiiis.  Guide  to  Ealtiuiore;  prepared  for  Am.  lust.  Min.  Engineers,  Baltimore,  1892, 
p.  80-87. 

'(>.  n.  "NViUianiH,  The  petro^jrapliy  and  strncture  of  the  Piedmont  Plateau  in  Maryland:  liull. 
Geol.  Soe.  Amorica,  vol.  2,  18l»l,  pp.  305-307. 

*The  value  of  the  slate  quarried  from  these  rocks  in  the  State  of  Maryland  amounted  to  $153,068  in 
the  year  1894. 

*0p.  eit.,  p.  30G. 

*See  Preliminary  Geological  Mop  of  Maryland.  G.  11.  Williams,  editor,  1893:  Maryland,  its 
Iie»ource»,  Tinlustriei*,  and  Institutions;  prepared  forWx©  Uoardof  World's  Fair  Managers  of  Mary- 
J^nd,  Baltimore,  1893.    Ladiesburg  is  at  about  latitude  \SP  ^^'  a.ii(i\oT\^\A3L^^';i^  \V  . 
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bedding  has  been  much  obscured.  From  the  differences  in  the  geolog- 
ical structure  of  the  regions  in  which  the  phyllites  and  the  mica-schists 
(No.  119)  occur,  it  is  argued  that  the  former  rocks  have  been  squeezed 
in  one  direction  only,  by  a  single  earth  throe,  while  the  latter  have 
been  subjected  to  different  squeezings  at  different  times. 

The  specimens  are  soft,  argillaceous,  slaty  rocks  of  a  light-green 
color  when  fresh  and  a  pinkish -yellow  color  when  weathered.  Along 
the  cleavage  surfaces  and  along  the  sides  of  joint  cracks  the  material 
is  yellow.  All  specimens  are  very  fissile,  their  cleavage  planes  being 
very  numerous  and  very  close  together,  and  nearly  all  are  crossed 
either  by  joint  planes  perpendicular  to  the  cleavage  or  by  little  puck- 
erings,  which  appear  in  cleavage  surfaces  as  series  of  tiny  waves. 
These  are  little  contortions  that  serve  as  evidence  that  the  rock  has 
been  at  some  time  subjected  to  great  pressure.  When  breathed  upon 
the  specimens  emit  the  argillaceous  odor  so  characteristic  of  clays  and 
slates. 

When  viewed  under  low  powers  of  the  microscope  the  thin  sections 
occasionally  reveal  the  presence  of  rounded  areas  that  appear  to  be 
cross  sections  of  sand  grains.  Between  crossed  nicols  they  often  break 
up  into  matted  fibrous  aggregates  of  a  strongly  refracting  mineral 
colored  by  yellow  ocher. 

Under  high  powers  in  natural  light  the  rounded  and  irregularly 
shaped  colorless  areas  are  seen  to  be  embedded  in  a  brownish-yellow  or 
light-green  cloudy  mass,  through  which  are  scattered  fibers  of  a  light- 
green  mineral,  tiny  grains  of  a  very  highly  refractive  one — probably 
zircon — small  plates  of  red  hematite,  and  little  opaque  particles  of 
magnetite.  Between  crossed  nicols  the  nature  of  the  various  compo- 
nents is  not  difficult  to  determine.  The  most  prominent  ones  are  quartz, 
sericite,  chlorite,  and  masses  of  a  finely  fibrous  substance,  believed  to 
be  kaolin. 

In  most  sections  quartz  and  chlorite  are  the  most  abundant.  Some 
of  the  former  is  in  little  rounded  or  irregular  grains.  To  these  as  a 
nucleus  has  been  added  new  (]uartz  material,  which  often  extends  in 
the  form  of  long,  narrow  spicules  into  the  surrounding  mass  of  quartz 
and  chlorite.  In  this  the  quartz  forms  a  groundmass  that  is  so  thickly 
strewn  with  chlorite  fibers  and  with  opaque  grains  of  different  kinds 
that  its  polarization  can  scarcely  be  distinguished.  It  is  evidently  a 
secondary  product  which  has  resulted  from  the  decomposition  of  some 
of  the  rock's  original  components  or  is  a  substance  that  has  been  intro- 
duced from  without.  The  chlorite,  which  is  a  ferruginous  variety,  is 
mainly  in  bunches  of  light- green  fibers,  with  a  very  weak  double  refrac- 
tion. In  many  Instances  where  the  chlorite  is  thick  it  appears  like  an 
isotropic  substance.  Occasionally  the  chlorite  is  intergrown  with  a 
brightly  polarizing,  light-colored  sericite.  The  two  minerals  together 
occupy  areas  that  resemble  the  shapes  of  sharp-edged  fragments. 
Through  this  quartz- chlorite  groundmass  are  scattered  large  plates  of 
sericite,  crystals  of  zircon,  opaque  reddifth-bYONqw  ^^\i%  ^1  '^Ksvs^fc  Sxss^ 
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oxide  that  has  been  superficially  changed  to  limonite,  small,  irregular 
masses  of  ocher,  innumerable  particles  of  various  opaque  bodies  that 
may  collectively  be  denominated  dust,  and  thousands  of  very  small, 
slender,  apparently  opaque  needles.  These  are  the  rutile  needles  char- 
acteristic of  slates.  They  are  most  abundant  in  those  x>ortions  of  the 
slides  in  which  chlorite  predominates,  being  especially  numerous  around 
the  opaque  granules  of  limonite. 

The  yellow  tint  of  most  of  the  specimens  is  due  to  the  presence  of 
ocher.  This  occurs  not  only  in  the  grains  and  irregular  masses  already 
referred  to,  but  it  also  occurs  as  a  very  finely  divided  pigment  which 
saturates  the  chlorite  fibers  and  colors  them. 

The  structure  of  the  rock  is  that  of  fine-grained  slates  which  have 
suffered  a  large  amount  of  alteration  and  which  have  been  made  fissile 
by  movement  under  pressure.  All  of  its  present  constituents  are  sec- 
ondary, except  the  larger  grains  of  quartz,  which  probably  represent 
original  sand  grains.  Its  composition  (I)  as  determined  by  George 
Steiger,  of  the  United  States  Geological  Survey,  shows  that  however 
much  it  may  differ  from  its  original  condition,  it  still  possesses  the 
composition  of  a  clay  slate.  The  analysis  (II)  of  a  typical  clay  slate 
from  near  Clausthal  ^  in  the  Harz  is  given  for  comparison. 

Analyses  of  phyllite  and  clay  slate. 


SiO, 

TiOa 

AljOj 

Fe,0, 

FeO 

MnO 

CaO 

BaO 

MgO 

KjO..., 

Na,0 

Water  at  100° 

Water  above  100°. 


S. 


CO,. 


Total 


'J.KulU:  Allgemciuu  uiid  Choiiiische  Cieologto,  II,  p.  588. 
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No.  127.  PHYLLITE  (CHLOEITE-PHYLLITB). 
(From  Lihbon,  Grapton  CorNrv,  New  Hampsiiiue.    Described  by  W.  8.  Bayley.) 

Specimen  No.  127  is  from  a  characteristic  member  of  the  Lisbon 
group  of  green  schists,  which  C.  H.  Hitchcock '  places  in  the  lower 
division  of  the  Huronian.  The  group  embraces  greenish  schists,  con- 
glomerates, quartzites,  jaspers,  and  dolomites.  Van  Ilise'  doubts  the 
advisability  of  contiuuing  to  call  these  rocks  Huronian,  in  view  of  the 
fact  that  so  many  of  the  New  England  crystalline  schists  are  being 
found  to  be  Cambrian  or  later  in  age.  The  term  as  used  by  Hitchcock 
seems  to  have  been  chosen  largely  on  litiiological  grounds.  Whatever 
the  age  of  the  rocks,  they  have  been  squeezed  and  altered  until  the 
evidence  of  their  origin  has  been  more  or  less  obscured. 

The  hand  specimen  shows  a  uniformly  fine-grained,  crystalline  rock 
of  a  grayish-green  color.  It  has  a  typical  though  not  very  distinct 
schistose  structure.  A  study  of  the  hand  specimen  reveals  little 
respecting  its  composition.  On  surfaces  at  rigbt  angles  to  the 
schistosity  the  rock  has  the  appearance  of  a  fine  grained  graywacka; 
surfaces  tbat  are  parallel  to  the  schistosity  have  a  more  or  less  silky 
luster  which  is  due  to  the  presence  of  numerous  small  flakes  of  a  green 
micaceous  mineral  with  the  appearance  of  chlorite.  Here  and  there 
streaks  of  denser  green  occur.  In  these  the  green  mineral  is  plainly 
chlorite. 

If  the  thin  sections  of  the  rock  are  examined  under  a  hand  lens  the 
cause  of  the  rock's  schistosity  is  seen  to  be  the  elongation  of  its  con- 
stituents in  a  common  direction.  The  elongation  is,  however,  not  very 
strongly  marked,  and  so  the  schistosity  is  not  very  prominent. 

The  constituents  of  the  sections,  as  seen  under  the  microscope,  are 
quartz,  calcite,  chlorite,  epidote,  feldspar,  magnetite,  pyrite,  and  hema- 
tite, in  the  order  of  their  abundance,  and  in  a  few  sections,  in  addition, 
a  little  biotite. 

The  quartz  is  in  irregular  grains  aggregated  in  long,  lenticular  areas, 
and  in  very  small  grains  that,  together  with  a  little  feldspar,  make  up 
the  matrix  by  which  all  the  other  components  are  surrounded.  The 
larger,  lens  like  areas  resemble  large,  flattened  sand  grains  that  have 
been  squeezed  until  they  were  shattered  internally,  and  the  fine  grains 
appear  to  be  portions  of  the  finer  matrix  of  a  sandstone  in  which  the 
larger  grains  lay.  CTnder  high  powers  quartz  is  also  seen  forming  a 
cementing  mass  uniting  the  small  quartz  grains  and  all  the  other  com- 
ponents of  the  matrix.  This  form  of  the  mineral  may  be  a  secondary 
product  resulting  from  the  decomposition  of  some  original  constituent 


»C.  H.  Hitchcock,  Geology  of  the  Conneotioat  Valley  Di»trict:  Geol.  of  New  Hampahire,  Vol.  II, 
Chap.  IV,  pp.  277-293,  Concord,  1877. 

"Of.  C.  R.  Van  Hise,  Correlation  Papera — Aroheau  and  Algonkian:  Bull.  U.  S.  (iool.  Siirvc^y  No. 
86,  p.  382. 
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of  the  rock.    All  of  the  quartz,  except  the  larger  grains,  contaius 
nnnicrous  inclusions  of  chlorite  and  epidote. 

The  calcite  occurs  in  two  forms.  It  is  present  as  large,  irregular 
grains,  including  within  its  mass  grains  of  all  the  other  constituents^ 
and  as  the  filling  of  little  veins  and  nests  that  were  at  once  tiny  crev- 
ices and  cavities  in  the  rock  mass.  A  third  form  exists  in  some  sec- 
tions, where  it  appears  to  replace  an  original  component  whose  nature 
can  not  be  determined.  The  calcite  is  easily  recognized  by  its  silvery 
white  color  in  certain  positions  between  crossed  nicols,  by  the  Newton's 
rings  of  color  around  the  edges  of  many  of  its  grains,  by  the  two  series 
of  cleavage  lines  present  in  most  grains,  and  by  the  parallel  twinning 
bars  in  the  larger  ones.    The  mineral  is  probably  in  all  cases  secondary. 

Chlorite  is  present  as  flakes  of  a  light  green  color  and  with  a  faint 
pleochroisni.  Its  double  refraction  is  so  weak  that  many  flakes  behave 
almost  like  isotropic  substances.  In  a  few  instances  portions  of  some 
of  the  plates  have  a  strong  pleochroism  in  green  and  brown  tints. 
These  portions  resemble  biotite  in  some  of  their  characteristics,  and 
they  suggest  the  thought  that  some  of  the  chlorite  is  an  alteration 
product  of  this  mineral. 

The  epidote  is  in  small,  prismatic  crystals,  small,  rounded  grains,  and 
larger,  irregular  masses  that  appear  to  be  aggregates  of  grains, 
imbedded  in  the  quartz  and  chlorite.  The  color  of  the  mineral  is  light 
greenish  yellow,  the  tint  being  deeper  in  the  large  masses  thjin  in  the 
smaller  grains  and  crystals.  Pleochroism  is  noticeable  in  all  but  the 
smallest  particles.  It  is  always  slight,  the  mineral  appearing  in  dif- 
ferent tints  of  the  same  color  in  different  directions.  The  epidote  is 
easily  distinguished  from  the  other  components  by  its  color,  its  high 
refractive  index,  and  its  strong  double  refraction,  producing  bright 
interference  colors.  Although  the  mineral  is  scattered  everyw^bere 
throughout  the  rock,  it  is  accumulated  more  thickly  in  some  areas  than 
in  others.  Together  with  chlorite  and  (juartz,  it  forms  aggregates 
whose  outlines  suggest  that  they  once  belonged  to  sand  grains  that 
have  been  replaced  by  the  aggregate. 

Feldspar  is  rare.  It  is  present  as  small,  irregular  grains  scattered 
among  tlie  quartz.  In  all  cases  it  is  altered,  and  in  most  cases  so  much 
so  that  the  traces  of  its  twinning  bars  are  very  obscure.  Like  the  other 
comi)onents,  it  is  filled  with  inclusions  of  epidote  and  chlorite,  and  in 
addition  it  contains  included  grains  of  (juartz.  As  a  rule,  the  more 
altered  the  feldspar,  the  more  abundant  the  inclusions;  hence  it  would 
appear  i)rol)able  that  this  mineral  has  in  many  cases  given  rise  by  its 
alteration  to  the  a«;gregates  of  chlorite,  quartz,  and  epidote  mentioned 
above  as  possessing  the  outlines  of  sand  grains.  Whether  all  of  the 
epidote,  clih)rite,  Jind  secondary  quartz  has  resulted  in  this  manner  or 
not  is  unknown,  but  it  is  probable  that  much  of  it  was  thus  formed. 

Biotite  is  rare.     It  occurs  in  only  a  few  sections,  where  it  appears  as 
hu-jL^e,  reddisli-brown  Hakes  and  plates,  with  a  distinct  cleavage,  and  a 
strong  pleochroism  \\\  reddislibrowu  vu\d  >fe\\o^  W\\\)^. 
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The  inagoetite  and  pyrite  are  both  opaque.  The  former  is  in  very 
irregular  masses  with  a  blue  black  luster,  and  the  latter  usually  in  well- 
defined  crystals  with  an  octahedral  habit  and  a  brassy  yellow  luster. 
The  magnetite  is  more  abundant  than  the  pyrite.  In  some  sections  it 
is  very  plentiful.  Like  many  of  the  other  constituents,  by  its  very 
irregular  outlines  it  presents  the  appearance  of  a  secondary  substance. 

Hematite  is  only  occasionally  met  with.  It  occurs  as  small  blood- 
red  plates  included  in  quartz,  chlorite,  and  feldspar,  more  particularly 
around  the  borders  of  magnetite  grains. 

From  the  general  api>earance  and  the  composition  of  the  rock,  it  is 
apparent  that  it  is  a  product  of  the  alteration  of  some  preexisting 
rock  of  an  entirely  ditt'ereiit  character.  At  present  it  is  completely 
crystalline.  The  structure,  however,  suggests  that  it  was  originally 
fragmental.  The  shattered  quartz  grains  and  some  of  the  feldspars 
may  represent  original  sand  grains,  but  all  the  other  components  are 
probably  secondary.  The  rock  as  it  now  exists  is  a  chloritic  phyllite 
(Of.  No.  126)  or  a  chlorite-schist.  ft  possesses  hardly  sutHcient  chlorite 
to  be  typical  of  the  chlorite  schists,  consequently  it  seems  preferable 
to  call  it  a  chlorite-phyllite.  Were  its  grains  fine  and  its  cleavage  sur- 
faces even,  it  would  be  a  chloritic  slat^. 

No.  128.  METAMORPHIC  CONGLOMERATE. 

(Fhom    Hoosac   Mountain   (Tunnel),  Massaihusetts.    Describkd   by   J.    E. 

Wolff.) 

In  the  hand  specimen  the  rOck  varies  in  character  according  to  the 
distinctness  of  the  pebbles.  These  are  of  three  kinds:  First,  quartz, 
either  white  or  of  a  beautiful  opaline  blue;  second,  feldspar;  third, 
a  fine-graine<l  cpuirtz  feldspar  rock,  either  granite  or  gneiss.  These 
pebbles  are  separated  from  each  other  by  the  cement,  a  crystalline 
aggregate  of  mica,  quartz,  and  little  glistening  glassy  feldspars  (albite). 
The  cement  winds  about  the  pebbles,  sometimes  cutting  across  them 
along  little  fault  lines;  at  other  times,  little  tongues  of  the  cement, 
parallel  to  the  general  foliation  or  structure,  cuts  oft'  thin  strips  from 
the  pebbles,  giving  them  a  shari)ened,  ragged  look.  In  this  case  the 
cement  api)ears  to  have  followed  planes  of  break  and  slipping.  Thus 
a  quite  banded  i)hase  of  the  rock  is  produced,  in  which  the  dark  mica 
bands,  by  their  obliquity  to  each  other,  may  simulate  cross-bedding. 
However,  in  the  large  blocks  at  the  dumps,  bands  filled  with  pebbles 
(original  cjonghimerate  bands)  are  plainly  to  be  seen  alternating  with 
finegrained  bands  (original  sandstone  bands)  in  which  little  fragments 
of  the  same  blue  quartz  found  in  the  larger  pebbles  can  still  be 
recognized. 

In  the  thin  sections  the  quartz  pebbles  are  distinguished  by  the 
same  properties  as  those  of  the  original  quartz  masses  of  the  granitoid 
gneiss  from  which  the  former  were  evidently  in  part  derived.  The  core 
of  blue  quartz,  which  can  be  recogmzed  \>^  '\\»  Vxv^<^»k^'ei^<5i.^  w\.\^^3^ssa% 
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the  section  np  to  the  light,  is  stained  and  cracked,  passing  at  the  edges 
into  a  mosaic  of  fine  quartz,  evidently  separated  from  the  parent  mass 
by  ])ressare  and  motion.  As  soon  as  we  pass  from  the  core  to  the  sepa- 
rate grains  we  find  that  the  blue  color  disappears,  so  that  we  might 
imagine  this  color  was  due  to  some  peculiar  effect  on  the  light  produced 
by  the  strained  but  not  granulated  quartz.  This  granulated  quartz 
becomes  gradually  mingled*  with  mica  and  metamorphic  feldspar,  and 
so  merges  into  the  cement. 

The  feldspar  pebbles  are  also  generally  much  strained  and  invaded 
by  secondary  quartz,  mica,  epidote,  etc.,  producing  sometimes  the 
appearance  of  an  aggregate  of  individual  grains  of  feldspar  separated 
from  each  other  by  grains  of  quartz,  but  such  aggregates  are  really  a 
sort  of  feldspar  breccia  belonging  originally  to  one  piece,  as  is  evident 
by  the  fact  that  the  cleavage  cracks  run  about  parallel  through  all  the 
grains  which  have  been  but  slightly  moved.  The  feldspar  of  the 
pebbles  is  microcline,  orthoclase,  or  plagioclase.  It  is  often  difficult  to 
distinguish  such  aggregates,  or  those  formed  by  the  metamorphic  feld- 
spar of  the  cement,  from  pebbles  of  original  quartz-feldspar  rock. 
The  latter  contain  the  feldspar  and  quartz  in  grains  of  more  uniform 
size,  with  sometimes  a  tendency  to  imperfect  crystal  form  on  the  part 
of  the  feldspars  (a  characteristic  of  eruptive  granites);  moreover,  the 
feldspar  may  be  of  several  kinds  in  the  same  pebble,  in  different  crys- 
tallographic  positions,  and  free  from  the  inclusions  which  abound  in 
the  metamorphic  feldspar. 

The  cement  is  composed  of  occasional  small  pieces  of  clastic  quartz 
and  feldspar,  but  principally  of  metanforphic  mica,  feldspar,  quartz, 
etc.  The  mica,  both  museovite  and  biotite,  and  sometimes  green  chlo- 
rite, occurs  in  plates,  sometimes  in  clumps  or  stringers.  The  museo- 
vite and  biotite  are  often  intergrown  parallel  to  the  base.  The  quartz 
is  in  isolated  grains  or  interlocking  aggregates.  The  metamorphic 
feldspar  is  in  grains,  often  elongated,  but  without  crystal  outline;  the 
grains  are  either  sim])le,  or  in  simple  twins  (albite  law).  These  feld- 
spars are  similar  to  those  developed  on  a  larger  scale  in  the  albite 
schist,  and  are  probably  albite.'  They  contain  as  inclusions  grains  of 
quartz,  round  flakes  of  biotite  and  museovite,  dark  grains  of  magnetite, 
reddish-brown  hexagonal  plates  of  ilmenite  ( ?),  fluid  inclusions,  and 
dark  aggregates  of  iron  ore  and  graphite  ( f ),  among  which  occasional 
prisms  of  rutlle  may  be  recognized.  Grains  of  calcite  are  found 
among  the  biotite  or  in  the  feldspar,  and  occasional  large  prisms  of 
zircon,  with  high  double  refraction  and  positive  character.  Aggre- 
gates of  dirty-white  titanite  grains  are  found  near  masses  of  black 
iron  ore.  Some  of  the  little  grains  of  microcline  found  in  the  cement 
are  probably  formed  in  place,  i.  e.,  metamorphic.  The  contemporane- 
ous crystallization  of  these  minerals  of  the  cement  is  shown  by  their 


'Coiuparo  The  inetAniorphisin  of  rlastic   foUl«i>ar  in  (-nn^loiuerate  HchiHt,   by  J.  K.  Wolff:  Bnn. 
Mutt.  Cowji.  /wJoi'V  Harvanl  Coll.,  Vol.  XVI.  No.  10. 
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iDtimate  associatioD,  and  the  honeycombing  of  the  feldspars  by  the 
quartz,  rnica,  etc. 

For  farther  inforuiatiou  concerning  this  rock,  the  student  is  referred 
to  Monograph  XXIII,  United  States  Geological  Survey,  pages  49-59. 

No.  129.  Albitk-schist. 

(From  Hoosac  Mountain  (Tunnel),  Massachusetts.    Described  by 

J.  E.  Wolff.) 

In  the  hand  specimen  the  rock  has  a  perfect  schistose  structure,  with 
the  mica  in  continuous  layers  separated  by  flat  lenticular  masses  of 
quartz,  whije  the  crystals  of  albite  are  scattered  irregularly  through 
the  rock.  There  is  a  dark,  almost  metallic  luster  on  the  foliation  plane, 
due  to  the  greenish  color  of  the  muscovite  and  its  mixture  with  biotite 
and  chlorite. 

The  crystals  of  albite  are  of  about  the  same  size  and  generally  rounded 
or  subangular,  their  longer  dimension  not  necessarily  parallel  to  the 
schistosity  of  the  rock.  Sometimes  the  basal  cleavage  sections  (P)  are 
seen  to  be  bounded  by  crystallographic  planes  corresponding  to  the 
second  cleavage  (M)  and  the  prisms  T  and  !, 

The  following  analysis  of  this  feldspar  was  made  by  B.  B.  Kiggs  for 
Monograph  XXIII,  before  cited : 

AnalyHa  of  feldspar  of  allnie'9chi8t  from  Hoosac  Mountain,  Maaiachuteiis, 

Per  ceo  t. 


SiO, 89.69 

Al^Oa 13.60 

CaO trace 

MgO I  .20 

NaO 10.28 

K,0 .40 

Ignition .42 

Total 99.59 

CO]  (combuHtion)  0.77  —  0.44  C.  (graphitic  ma- 
terial) . 


It  is  common  to  find  the  basal  cleavage  of  a  crystal  reflecting  the 
light  in  two  parts,  and  this  is  due  to  the  fact  that  the  crystal  is  a  simple 
twin  parallel  to  (M) — albite  law. 

Basal  cleavage  pieces,  showing  a  simple  twin,  give  an  extinction  4^ 
oblique  to  the  twinning  plane  and  second  cleavage  (M).  Twins  meas- 
ured on  the  goniometer  give  angles  of  172^  40'  to  172^  50'  between  the 
basal  cleavages  of  the  two  twins.  The  chemical  and  physical  proper- 
ties are  therefore  those  of  albite. 

In  the  thin  section  the  albite  grains  are  recognized  by  their  large 
size,  by  the  development  of  cleavage  when  the  slide  is  thin^  and  U^ 
the  characteristic  inclusions.    The  latteit  cow^V^Y*  o^  ^^^KtVa*  \x^  ^vs^J^' 
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or  lenticular  grains,  mascovite  or  biotite  iu  round  or  long  flakes,  crys- 
tals of  zircon,  round  grains  of  apatite,  magnetite  in  ci^stals  or  masses, 
rhombs  of  carbonate  (calcite),  grains  of  titanite,  fluid  inclusions,  and 
irregular  black  masses  or  specks  of  iron  oxides  and  graphitic  sub- 
stances, among  which  little  six-sided  brown  plates  of  ilmenite  ( f )  can 
be  observed  with  a  high  i>ower.  These  inclusions  may  be  few,  or  so 
abundant  as  to  honeycomb  the  crystal,  and  are  characteristic  of  many 
pseudoporphyritic  crystals  of  the  schists  iu  general,  such  as  ottrelite, 
staurolite,  mica,  etc.,  diff'ering  from  true  porphyritic  crystals  (plieno- 
crysts)  of  eruptive  rocks  by  the  fact  that  they  are  of  contem])oraneous 
or  even  later  origin  than  the  constituents  of  the  rock  which  lie  outside 
them,  but  which  they  inclose  so  abundantly. 

It  is  a  peculiarity  of  the  dynamic  metaiiiorphism  of  both  sediments 
and  eruptive  rocks  that  the  new  feldspar  is  sometimes  a  pure  albite 
or  a  soda-lime  feldspar  near  to  albite  in  the  series,  and  that  the  habitus 
is  unlike  that  of  similar  feldspars  in  eruptive  rocks,  inasmuch  as  the 
crystal  form  is  imperfect  and  the  crystals  uutwinned,  even  under  the 
microscope,  or  in  simple  twins,  unlike  the  multiple-twinned  albite  of 
eruptive  rocks.  An  exception  should,  perhaps,  be  noted  for  the  alkaline 
ermptive  rocks  (e.  g.,  theralite). 

The  mica,  muscovite,  biotite,  and  chlorite  occurs  outside  the  albite 
in  thick  plates  or  irregular  aggregates  of  plates,  or  clumps.  The  mus- 
covite and  biotite  may  be  intergrown  parallel  to  the  base.  The  quartz 
grains  are  generally  in  the  interlocking  aggregates,  which  are  crossed 
by  fluid  inclusions  arranged  in  lines  (really  in  planes).  The  quartz  is 
otherwise  generally  free  from  inclusions  near  the  center  of  the  lenses, 
but  at  their  edges,  where  individual  grains  lie  in  the  meshes  of  the  mica, 
they  may  contain  flakes  of  mica. 

Magnetite,  calcite,  titanite,  apatite,  and  zircon  are  found  in  the  masses 
of  mica.  The  clumps  of  mica  and  quartz  have  sometimes  a  rough  con- 
centric arrangement.  The  muscovite  has  a  distinctly  greenish  color, 
even  in  the  thin  section,  and  in  part  the  fibrous  appearance  due  to  the 
interweaving  of  irregular  plates  of  the  mineral,  which  is  characteristic 
of  the  variety  called  sericite. 

Neither  in  the  hand  specimen  nor  in  the  thin  sections  of  the  schist 
has  any  clastic  material  been  observed,  although  such  a  derivation  is 
certain  both  from  the  field  relations  and  from  the  rocks  of  this  class 
observed  elsewhere  in  this  field  which  are  transitional  to  clas'tic  rocks. 
Neither  can  we  state  from  what  source  were  derived  the  elements  which 
produced  the  large  amount  of  albite  (soda-alumina  silicate)  in  this  and 
in  (probably )  the  two  other  rocks.  The  granitoid  gneiss  may  have  been 
originally  an  eruptive  granite;^  the  raetamorphic  conglomerate  was 
originally  a  mass  of  granitic  debris  at  the  base,  becoming  a  feldspathic 
sandstone  or  arkose  in  succeeding  stages  until  succeeded  by  the  schist, 


'Its  similarity  Hhould  be  uuted  to  the  coarse  eruptive  granite   called  ''Kapakiwi,"  which  covers 
extcusjvi^  areas  iu  Fiultuid. 
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which  mast  have  been  a  shale  or  slate,  perhaps  at  the  base  an  impare 
limestone.  Metamorphism  has  given  all  three  rocks  certain  characters 
in  common  (regardless  of  diversity  in  origin  and  composition),  such  as 
schistosity,  albitic  feldspars,  mica,  etc.,  while  the  differences  seem  due 
to  the  remnants  of  the  original  material  or  the  influence  this  exerted 
on  the  process  of  the  new  crystallization. 

No.  130.  Mica-schist  (Toubmaline-biotite-schist). 

(From  Black  Hills,  South  Dakota.    Described  by  W.  S.  Bayley.) 

'  This  specimen  is  particularly  interesting  because  it  has  every  chai- 
acteristic  of  a  typical  mica-schist,  while  at  the  same  time  its  mode 
of  origin  is  well  understood.  The  rock  of  which  it  is  a  sample  occurs 
in  the  Black  mils,  South  Dakota.  In  the  southern  part  of  the  district 
is  a  large  core  of  pre-Oambriau  eruptive  granite,  forming  Harney 
Peak.^  Immediately  surrounding  this  on  all  sides  are  crystalline 
schists,  striking  everywhere  parallel  to  the  boundary  between  the  gran- 
ite and  themselves  and  dipping  away  from  the  eruptive  mass.  Close 
to  the  granite  the  schists  are  completely  crystalline;  at  some  little  dis- 
tance from  it  they  are  less  so.  A  few  miles  away  from  the  contact 
they  become  very  much  less  crystalline,  and  possess,  in  addition  to 
their  foliation  parallel  to  the  granite  boundary,  a  slaty  cleavage  which 
is  parallel  to  the  cleavage  of  slates,  existing  at  a  greater  distance  from 
the  granite  mass,  and  into  which  the  schists  pass  gradually.  Since  no 
unconformity  exists  between  the  schists  and  the  slates,  and  since  the 
microscopical  ^examination  of  both  shows  that  the  mineralogical  grada- 
tion between  them  is  as  complete  as  the  gradation  noticed  in  the  field, 
it  is  concluded  that  the  schists  are  derived  from  the  slates,  and  conse- 
quently belong  to  the  same  geologic  horizon  as  do  these,  which  are 
Algonkian,  and  probably  Huronian.^ 

The  position  of  the  schists  with  respect  to  the  granite,  their  more 
complete  crystallization  as  this  is  approached,  and  their  passa<;e  into 
true  fragmental  slates  at  a  distance  from  the  eruptive  are  all  indica- 
tions that  not  only  is  their  crystallization  due  to  the  proximity  of  the 
granite,  but  their  schistosity  as  well,  since  this  structure  disappears  as 
the  distance  from  the  intrusive  increases. 

The  action  by  which  an  eruptive  mass  produces  crystallization  in 
clastic  rocks  tlirough  which  it  breaks  is  known  as  contiict  action,  and 
the  change  effected  in  the  fragnientals  is  known  as  contact-metamorph- 
ism.  This  kind  of  metamorphism,  while  it  may  obliterate  the  proofs 
of  the  original  fragmental  nature  of  the  material  acted  upon,  never  of 
itself  produces  in  the  resulting  rock  a  schistose  structure.  This  is 
always  a  result  of  movement  of  tlie  rock  particles,  a  consequence,  in 
turn,  of  mechanical  action,  hence  known  as  dynamical  metamorphism. 


>  The  specimen  came  from  a  point  north  of  Harney  Peak,  about  1  or  Ij^  miles  west  of  the  Etta  Mine. 
'For  further  information  concerning  the  relations  existing  between  the  slatoa  and  schists,  see  C.  B. 
Van  HLse,  Bull.  GeoL  Soc.  Americat  vol.  I,  p.  203. 


328  THE   EDUCATIONAL   SERIES   OF   BOCK   SPECIMENS..     [bull-IIO. 

The  force  prodacing  the  schistosity  in  the  CAse  under  discassion  was 
that  generated  by  the  intrusion  of  the  granitic  mass,  as  is  plainly  shown 
by  the  strike  of  the  foliation  of  the  schists  aud  its  dip  away  from  the 
core  of  granite.  The  mica-schist  represented  by  the  specimen  may 
therefore  be  regarded  as  a  dynamically  metamorphosed  contact-rock, 
whose  original  character  was  fragmental.  Its  present  condition  is  due 
entirely  to  the  recrystallization  of  its  originally  clastic  grains  through 
processes  carefully  described  by  Professor  Van  Hise  in  the  article 
referred  to  in  the  footnote.    It  ia  now  a  typical  crystalline  schist. 

It  may  be  described  macroscopically  as  a  light  gray,  fine-grained  rock 
with  a  well-marked  schistose  structure  which  is  best  seen  on  the  two 
long  sides  of  the  specimen.  Here  thin  parallel  bands  of  light  and  dark 
colors  alternate.  The  grains  comprising  them  are  so  small  that  the 
nature  of  the  minerals  forming  the  lighter  bands  can  not  be  determined 
without  the  aid  of  the  microscope.  The  dark  color  of  the  other  bands 
is  x)lainly  seen  to  be  due  to  what  look  like  fine  black  needles.  On  the 
upper  and  lower  fiat  surfaces  of  the  si)ecimen  the  needles  are  observed 
to  have  more  the  appearance  of  narrow  plates,  with  a  brilliant  luster. 
With  a  sharp  knife  thin  flakes  may  be  sprung  from  them.  The  mineral 
therefore  is  very  easily  cleavable,  and  may  be  regarded  presumably  as 
mica.  The  only  other  features  of  the  hand  specimen  worthy  of  notice 
are  the  little  black  fiakes  or  bunches  that  dot  the  planes  of  cleavage 
and  the  small  rusty  spots  scattered  throughout  the  rock.  The  latter 
are  garnets,  and  the  former  are  accumulations  of  mica  fiakes,  as  may 
be  determined  under  a  hand  lens.  They  resemble  very  strongly  the 
"knoten"  described  by  Rosenbusch  '  and  other  German  petrographers 
as  characteristic  of  sedimentary  rocks  that  have  been  made  crystalline 
by  the  intrusion  of  eruptives  through  them.  On  some  specimens  there 
are  also  little  circular  areas  with  diameters  of  about  6™'»,  glistening 
brilliantly  from  many  tiny  facets.  These  consist  of  aggregates  of  a 
light-colored  mica,  probably  muscovite.  The  rock  is  quite  soft,  and  is 
apparently  much  decomposed.  The  softness  is  due  to  the  slight 
amount  of  coherence  existing  between  the  component  grains,  in  conse- 
quence of  which  they  fall  apart  very  easily  when  rubbed. 

The  microscopic  investigation  shows  the  rock  to  be  remarkably  fresh. 
Its  specific  gravity  is  2.806.  Under  the  microscope  the  predominant 
light-colored  mineral  is  discovered  to  be  quartz,  while  some  of  the 
black  plates  and  needles  are  biotite  and  others  are  tourmaline.  Garnets 
and  muscovite  are  also  observed,  but  in  very  small  quantity.  The 
schistose  structure  is  the  result  of  the  arrangement  of  the  constituents 
with  their  longer  axes  approximately  in  the  same  plane,  which  is  the 
plane  of  schistosity.    (See  PI.  XLII.) 

The  lenticular  forms  of  the  light-colored  quartz  grains  are  so  appar- 
ent in  the  photograph  that  they  need  merely  be  referred  to.  Between 
these  grains  is  a  matrix  composed  principally  of  large  flakes  of  biotite 


JioBcnbuBch:  MikroskopiscUe  Pbysiograpliie  der  Massigtu  Geoteine,  Stattgart,  1887,  p.  47. 


u 


'\ 


muMB.]  DS80BIPTI0NS:   NO.  130,  MICA-SCHIST.  329 

that  appear  dark  in  the  pictare,  and  slender  needles  of  tourmaline  that 
have  a  light  color.  Not  all  of  the  lighter  colored  iK)rtions  between  the 
larger  quartz  grains  are  composed  of  tourmaline  exclusively.  Small 
grains  of  quartz,  tiny  flakes  of  biotite,  some  muscovite,  and  little 
masses  of  limouite  are  all  found  in  it,  but  they  are  too  minute  to  be 
distinguishable  in  the  photograph. 

The  quartz  is  in  transparent,  colorless  grains  with  lenticular  cross 
sections,  measuring  from  0.15  to  0.35°""  in  length  and  about  O.I  to 
Q  X5nini  ly^  width.  It  holds  as  inclusions  many  little  liquid-filled  cavities, 
and  some  filled  with  glass  and  devitrification  products.  Tiny  specks 
of  magnetite  and  other  iron  compounds  and  small  crystals  of  apatite, 
besides  many  tourmaline  crystals,  are  also  inclosed  by  it. 

The  dark  constituents,  as  has  been  stated,  are  biotite  and  tourmaline. 
In  sections  cut  parallel  to  the  plane  of  schistosity  the  biotite  appears 
in  irregularly  outlined  plates,  most  of  which  are  basal  sections  of  the 
mineral.  These  are  dark  brown  in  color  and  show  no  pleochroism.  In 
other  sections  the  mica  is  cut  at  some  inclination  to  the  vertical  axis, 
so  that  its  pieces  are  marked  by  parallel  cleavage  lines  running  in  the 
direction  of  the  long  axes  of  the  flakes,  which  are,  in  the  main,  parallel 
to  the  long  axes  of  the  quartz  lenses.  The  biotite  in  these  sections 
extinguishes  parallel  to  the  cleavage.  It  is  very  dark  brown,  almost 
opaque,  when  the  cleavages  and  the  longitudinal  axes  are  parallel  to 
the  vibration  plane  of  the  nicol,  and  is  light  yellow  in  directions  at 
right  angles  to  this.  It  includes  tourmaline  and  contains  round  dark 
areas  (halos)  that  are  more  or  less  pleochroie. 

The  tourmaline  is  in  small,  well-developed  crystals  of  a  dark-brown 
color,  and  with  nearly  the  same  pleochroism  as  the  biotite.  These 
measure  0.2  to  0.5'"«"  in  length  and  from  0.05  to  0.1"""  in  thickness. 
They  are  often  doubly  terminated  in  such  a  way  as  to  show  clearly 
their  hemimorphism.  They  may  be  distinguished  from  the  biotite  by 
the  fact  that  their  absorption  is  much  less  in  the  direction  of  tlieir  long 
axes  than  at  right  angles  thereto;  consequently,  they  appear  dark 
when  in  that  position  in  which  the  biotite  appears  light,  i.  e.,  when 
their  long  axes  are  x)erpendicular  to  the  vibration  plane  of  the  lower 
nicol.  They  may  also  be  recognized  by  their  basal  parting  running 
across  the  crystals  at  right  angles  to  their  long  axes.  The  tourmaline 
extinguishes  ]>arallel.  Its  double  refraction  is  negative.  It  is  com- 
monly arranged  parallel  to  the  schistosity  of  the  rock,  though  many 
exceptions  to  this  general  rule  are  noted. 

The  only  other  component  that  need  be  mentioned  at  any  length  is 
the  garnet.  This  is  present  in  almost  colorless  isotropic  grains,  with 
diameters  of  about  0.5  to  0.8'"*",  except  in  rare  instances,  when  they  reach 
as  much  as  2°>™.  The  mineral  is  not  very  abundant,  and  consequently 
is  not  present  in  all  sections.  From  the  fact  that  the  mica  plates  are 
sometimes  bent  around  the  garnets,  it  follows  that  the  latter  mineral 
existed  at  the  time  when  movement  of  the  rock  particles  was  in  pro^- 
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ress.  Around  the  borders  of  the  grains  is  often  a  yellowish-green 
stain,  resulting  from  the  decomposition  of  magnetite  or  other  iron  com- 
pounds. It  is  this  that  causes  the  rusty  color  around  the  garnets  in  the 
hand  specimen. 

Another  yellowish-green  substance  sometimes  stains  the  constituents 
over  small  areas,  and  in  some  places  forms  little  lenticular  masses 
between  the  components.  This  substance  possesses  no  definite  stroc 
ture  and  shows  no  double  refraction,  hence  its  true  nature  is  difficult 
to  determine.  It  is,  however,  neither  essential  to  the  rock  nor  charac- 
teristic of  it,  and  therefore  is  of  little  importance  for  purposes  of  elasui- 
fication. 

Muscovite  flakes  are  very  rare.  Occasionally  a  tiny  one  may  be  seen 
lying  between  the  quartz  grains  when  the  section  is  examined  under 
crossed  nicols.  In  ordinary  light  they  are  invisible.  When  the  thin 
section  includes  one  of  the  little  groups  of  plates  noticed  in  the  hand 
specimen,  the  number  of  the  flakes  seen  naturally  becomes  quite  large, 
though  the  area  covered  by  them  is  limited  entirely  by  the  outline  of 
the  group. 

Though  all  the  mineral  components  of  the  schist  have  been  described, 
there  remain  a  few  structural  features  to  be  noted.  The  schistosity  has 
already  been  stated  to  be  the  result  of  the  arrangement  of  the  minerals 
with,  their  long  axes  approximately  parallel,  and  the  difference  in  color 
of  alternate  bands  has  been  ascribed  to  the  varying  proportions  of 
biotite  and  tourmaline  in  them.  In  some  sections  the  difference  in  color 
is  found  to  depend  largely  upon  the  accumulation  of  black  iron  com- 
pounds between  the  quartz  grains  in  certain  bands  and  its  absence  from 
others,  in  which  case  it  is  probable  that  there  were  variations  in  the 
composition  of  successive  lamina?  in  the  original  sedimentary  beds. 

Another  structural  feature  of  interest  is  the  occurrence  here  and 
there  of  lenticular  areas  in  which  the  quartz  grains  are  larger  than 
elsewhere  in  the  rock,  and  the  amounts  of  biotite  and  tourmaline  are 
much  less.  These  areas  may  represent  pebbles  that  were  originally 
scattered  through  the  slates  and  were  afterwards  flattened  by  the 
pressure  that  produced  the  schistosity,'  while  at  the  same  time  chemical 
changes  set  up  in  them  gave  rise  to  the  quartz,  mica,  and  tourmaline 
that  now  usurp  tbeir  places. 

The  biotite,  quartz,  magnetite,  and  museovite  in  the  schist  may  all  be 
looked  upon  {\s  resulting  from  the  decomposition  of  theoriginal  materials 
of  the  slate  under  the  influence  of  contact  action.  The  garnets  may 
likewise  be  ascribed  to  this  action.  The  tourmaline,  on  the  contrary, 
contains  a  large  amount  of  boron — a  substance  not  occurring  in  any 
large  quantity  in  slates,  its  formation  is  probably  due  to  a  reaction 
beteen  the  constituents  of  the  slate  and  the  boron  gases  given  off  by 
the  granite  before  it  finally  solidified.^ 


'  Cf.  Ge<>l.  Soc.  of  America,  Vol.  I,  j>l.  4. 

'For  ncoouut  of  gases  exhalfMl  from  uruptiN'c  masses  sco  Geikie,  Text  Bouk  of  Geology,  1885, 
pp.  180-184. 
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The  composition  of  the  schist,  which  should  be  called  a  tourmaline- 
biotite-scbist  ou  account  of  the  large  amount  of  tourmaliue  in  it,  has 
been  found  by  H.  N.  Stokes  to  be  as  follows: 

Ana1t/8U  of  schist  from  the  Black  Hills, 


I 


810,.. 

AljOa 

Fe,0, 

FeO.. 

CaO.. 

MgO. 

K,0.. 

NihO 

Ign.. 


Percent. 

86.77 

17.65 

1.55 

3.20 

.56 

2.13 

4.49 

.99 

1.89 


ToUl 


99.32 


The  boron  was  not  determined,  but  it  is  evident  that  it  is  present  in 
considerable  quantity  in  the  rock,  since  very  little  of  the  loss  of  weight 
upon  ignition  is  due  to  the  escape  of  water.' 

No.  131.  Hornblende-schist. 

(From  Manhattan  Island,  New  York.    Described  by  J.  P.  Iddings.) 

Rather  massive  crystalline  schist,  greenish  black,  with  tendency  to 
cleave  in  parallel  plates.  It  occurs  with  mica-schist  and  gneiss,  exposed 
in  the  northwestern  portion  of  Manhattan  Island,  in  the  neighborhood 
of  Riverside  drive  and  One  hundred  and  twenty-fifth  street,  New  York 
city.*^ 

In  thin  section  it  consists  of  dark-green  hornblende,  with  subordinate 
amounts  of  feldspar,  quartz,  magnetite,  biotite,  apatite,  and  a  little 
zircon  and  pyrite,  besides  some  secondary  minerals  in  places — musco- 
vite,  epidote,  or  zoisite. 

The  lamination  of  the  rock  is  produced  by  a  somewhat  parallel 
am'ingement  of  the  stout  crystals  of  hornblende  and  by  streaks  of  the 
other  constituents  in  smaller  grains.  It  is  most  pronounced  in  sections 
cut  across  the  lamination,  but  also  appears  in  those  cut  parallel  to  the 
schistosity. 

The  hornblende  is  strongly  green  in  thin  section,  with  tinge  of  brown 
and  with  pronounced  pleochroism,  the  variation  being  from  green 
through  brownish  green  to  light  brown.  Owing  to  the  fact  of  easy 
cleavage  of  the  rock  due  to  the  parallel  arrangement  of  the  horn- 
blende, thin  sections  are  mostly  prepared  parallel  to  the  prismatic 
axis  of  the  crystals;  consequently  cross  sections  are  scarce.    Many 


>For  other  descriptiouH  of  mica-schists  nee  K.  D.  Irving;,  Geology  of  WiscoDRin,  Vol.  Ill,  18^0,  pp. 
145,  148.    Plate XV,  Fig.  1  and  3;  A.  A.  Jnlicu  :  lb.  p.  232.    A.  Wichuann,  lb.  p.  634. 

'Compare  J.  F.  Kemp,  The  Geology  of  Mauhattan  Island:  Trans.  New  York  Acad.  Sci.,  Vol.  VII, 
pp.4»^ 
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iDdividaals  of  hornblende  exhibit  no  cleavage.  The  extinction  angle 
is  low.  Twinning  is  seldom  observed.  The  substance  of  the  horn- 
blende is  very  pore.  There  are  inclusions  of  occasional  rounded 
crystals  of  zircon  surrounded  by  brown  halos,  slightly  pleochroie, 
considerable  magnetite  in  places,  besides  feldspar,  quartz,  and  biotite. 

Feldspar  occurs  in  irregular  grains  without  crystallographic  bound- 
aries, and  of  much  smaller  size  than  the  crystals  of  hornblende.  It  is 
mostly  plagioclase  with  polysynthetic  twinning  according  to  albite 
and  pericliue  laws.  Some  of  the  extinction  angles  suggest  andesiiie- 
labradorite.  The  lamellae  are  in  places  curved  and  may  have  been 
produced  by  dynamic  processes.  There  is  some  undulatory  extinction 
in  places,  but  not  much.  Orthoclase  may  be  present  in  small  amounts, 
as  there  are  a  few  unstriated  feldspars. 

Quartz  occurs  in  irregular  grains  which  are  sometimes  rounded, 
especially  when  inclosed  in  hornblende.  The  substance  is  very  pure, 
with  almost  no  undulatory  extinction.  Biotite  is  brown,  with  strong 
absorption,  and  occurs  in  irregularly  shaped  pieces,  generally  inclosed 
in  the  hornblende.  Magnetite  occurs  in  clusters  and  streaks  of  irreg- 
ular grains,  and  is  relatively  abundant.  Apatite  forms  colorless  grains 
or  stout  crystals  with  irregular  or  rounded  outline. 

The  rock  in  places  is  traversed  by  microscopic  veins.  When  these 
cross  crystals  of  hornblende  they  consist  of  aggregations  of  quartz 
and  other  minerals;  or  quartz  may  exist  alone,  having  the  same 
crystallographic  orientation  as  that  of  adjacent  grains  of  quartz*,  but 
where  the  minute  vein  should  appear  crossing  quartz  crystals^  it  is 
represented  only  by  rows  of  dots  included  in  otherwise  very  pure 
quartz.  The  hornblende  sometimes  exhibits  a  slight  fibration  on  both 
sides  of  the  vein,  the  direction  of  the  fibers  being  parallel  to  that  of 
the  c  axis  of  the  hornblende. 

No.  132.  Schistose  Biotite-Gneiss. 

(From  Manhattan  Island,  New  York.    Described  by  J.  P.  Iddings.) 

Schistose,  fine-grained,  dark-colored  rock  associated  with  amphibo- 
lite-schist  and  gneiss  at  the  same  locality  as  that  of  the  hornblende- 
schist  on  Manhattan  Island,  near  Riverside  drive  and  One  hundred 
and  twenty-fifth  street.  New  York  City.  It  consists  of  biotite,  feld- 
spar, and  quartz,  with  a  small  amount  of  muscovite,  apatite,  and 
zircon.  The  thin  sections  are  most  easily  made  parallel  to  the  schis 
tosity  of  the  rock  and  the  folii«  of  the  mica;  hence  tliey  seldom  show 
cross  sections  of  the  mica  plates.  There  is  somewhat  of  a  flaser- 
stnicture,  caused  by  flakes  of  mica  grouped  in  lines  curving  about 
larger  crystals  of  feldspar  and  quartz. 

In  thin  section  the  biotite  is  dark  brown,  with  strong  absorption. 
Its  form  is  irregular  and  seldom  exhibits  crystal  boundaries.  It 
includes  grains  of  quartz  and  feldspar  and  other  minerals,  and  In 
^'irn  occurs  as  microscopic  crystals  included  in  quartz  and  feldspar. 
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Mascovite  occurs  sparingly  as  relatively  large  colorless  plates,  some- 
times surrounded  by  biotite. 

Quartz  appears  to  be  more  abundant  than  feldspar.  Its  outline  is 
quite  irregular,  the  smaller  grains  often  rounded.  It  exhibits  slight 
undulatory  extinction  and  in  places  minute  rutile  needles,  and  some 
inclusions  of  the  other  mineral  constituents  of  the  rock.  Fluid  inclu- 
sions are  quite  scarce. 

Feldspar  forms  allotriomorphic  grains  like  those  of  quartz,  but  often 
attains  larger  dimensions.  It  is  mostly  plagioclase,  with  polysynthetic 
twinning,  in  places  curved,  accompanied  by  undulatory  extinction.  The 
extinction  angles  are  low,  indicating  oligoclase.  Orthoclase  appears 
to  be  present  in  smaller  amounts.    No  microcline  was  noted. 

Apatite  forms  comparatively  large,  irregular  grains,  colorless  and 
quite  pure.  Sokne  grains  are  surrounded  by  a  shell  of  brown,  doubly 
refracting  mineral.  A  similar  mineral,  with  paler  color  and  low  double 
refraction,  occurs  in  spots  through  the  rock.  Its  character  has  not 
been  determined.  Zircon  occurs  in  rounded  microscopic  crystals. 
Magnetite  is  almost  entirely  absent. 

As  the  proportion  of  feldspar  grows  less  the  rock  approaches  a 
gneissic  mica-schist. 

No.  133.  Staubolitic  Mica-schist. 

(From  Charlestown,  Sulliv^an  County,  New  Hampshire.    Described  by  W.  S. 

Bayley.) 

The  rock  stratum  from  which  specimen  No.  133  was  obtained  consti- 
tutes one  of  the  members  of  C.  H.  Hitchcock's  Coos  group,*  which 
comprises  (1)  aquartzite,  (2)  a  staurolitic  mica-schist,  and  (3)  a  stauro- 
litic  and  garnetiferous  clay  slate.  In  the  Connecticut  Valley  the 
mica-schists  gradually  lose  their  micaceous  character  and  become 
argillitic;  hence  there  can  be  no  question  that  the  schists  are  rocks  of 
sedimentary  origin.  In  the  New  Hampshire  reports  the  "  Coos  group" 
is  included  in  fhe  Paleozoic  system.  In  a  later  paper^  it  is  more  defi- 
nitely assigned  to  some  horizon  above  the  Cambrian,  possibly  the 
Devonian. 

As  represented  in  the  hand  specimen,  the  rock  is  dark  gray  in  color 
and  crystalline  in  texture.  In  structure  it  is  typically  schistose,  but 
the  schistosity  is  not  developed  in  parallel  directions.  In  all  specimens 
it  is  more  or  less  contorted  in  short  waves,  which  show  themselves  on 
cleavage  surfaces  as  a  series  of  approximately  parallel  crumplings. 
The  luster  of  these  surfaces  is  silky,  suggesting  the  presence  in  the 
rock  of  some  micaceous  mineral  with  its  broader  faces  parallel  to 
the  cleavage  surfaces.  On  cross  fractures  the  specimens  are  charac- 
terized by  the  presence  of  rods  of  a  very  glistening,  easily  cleavable 
mineral  in  a  dull,  light-gray  matrix,  resembling  in  appearance  a  very 


>  C.  H.  Hitchcock :  Geology  of  New  HanipAhire,  VoL  II,  Chap.  IV,  pp.  310-323. 
*  C.  H.  Hitchcock :  Jour.  Geol.,  Vol.  IV,  1806,  p.  SO. 
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fiDegrained  gneiss  or  graywacke.  The  rods  are  all  elongated  in  tbe 
direction  of  the  rock's  scbistosity.  Cleavage  plates  of  this  mineral  are 
of  a  reddish-brown  color.  They  are  not  pleochroic  to  the  slightest 
degree.  Between  crossed  nicols  they  remain  dark  through  an  entire 
revolution,  and  in  converged  light  they  exhibit  the  uniaxial  figure. 
These  characteristics  belong  to  biotite. 

The  most  noticeable  feature  of  the  specimens  is  the  presence  in  tbem 
of  irregular  lumps  whose  cross  sections  are  oval  in  outline.  Their 
longer  directions  are  approximately  parallel  to  the  scbistosity  of  the 
rock.  An  inspection  of  a  freshly  fractured  cross  section  of  one  of  these 
rounded  crystals — for  such  they  are — reveals  the  presence  of  a  core  of 
a  garnet-colored  substance  surrounded  by  a  mass  of  lusterless  greenish- 
gray  material.  The  nucleus  consists  of  fresh  staurolite  and  the  sur- 
rounding material  of  an  aggregate  of  alteration  products  of  this  mineral. 
Hawes^  describes  these  crystals  as  consisting  of  a  core  surrounded  by 

a  zone,  tfie  core  and  zone  being  separated  from  each 
other  by  a  line  of  impurities.  Sections  made  from 
some  of  the  largest  crystals  in  the  specimens  col- 
lected for  this  series  leave  no  doubt  that  these  crys- 
tals are  staurolite.  The  appearance  of  a  cross 
section  of  one  of  the  best  crystals  is  shown  in  the 
accompanying  figure  (fig.  17).  The  nucleus  is  an 
oval  area  of  fresh  staurolite,  which  is  pleochroic  in 
light-yellow  and  orange-yellow  tints.  Absorption 
r  >  a.  Plane  of  its  optical  axes  is  <»  V  a>.  The  sur- 
Fio.  i7.-CroB8  sectioD    roundiug  material  is  a  fine-grained  aggregate  of  a 

of  staurolite  in  staorolitW-  v'j.  •  •  i        mi  •      •       i*     -^    ji   •    j.      ^• 

micaschist.  whitc  micaccous  mineral.    This  is  divided  into  dis- 

tinct areas,  as  indicated,  by  lines  composed  largely 
of  chlorite  fiakes  and  smaP  grains  of  an  opaque  substance  that  may 
be  some  carbonaceous  material.  The  same  opaque  substance  borders 
the  periphery  of  the  section,  which  in  outline  is  a  rhomb  with  rounded 
corners.  The  micaceous  aggregate  is  evidently  the  product  of  the 
decomposition  of  a  staurolite  crystal,  the  nucleus  which  it  surrounds 
being  a  remnant  of  the  original  substance  which  has  not  yet  8ufi*ered 
decomposition.  The  chlorite  lines  were  in  all  probability  produced 
from  inclusions  that  so  commonly  exist  in  both  andalusite  and  stauro- 
lite crystals.-  A  close  inspection  of  the  hand  specimen  will  show  that 
the  micaceous  minerals  in  the  groundmass  wrap  around  the  staurolite 
crystals  in  a  manner  suggesting  the  existence  of  the  latter  in  their 
present  i)ositions  at  the  time  when  the  rock  was  attaining  its  schistose 
structure. 

TTiider  low  powers  of  the  microscope  the  groundmass  in  which  the 
staurolite  crystals  lie  is  seen  to  be  composed  of  large  plates  of  brown 
biotite  or  of  green  chlorite  and  comparatively  large  masses  of  a  light- 

'  f f.  W. HtiwoH :  (Jeol.Xew  Hampshire.  Vol.  Ill,  Pt.  4.  pp.  lOU-1 11. 

V7.  J.  D.  Dana:  Sy»teiu  of  Mineralogy,  6th  E«l.,  pp.  497,  560;  also  G.  W.  Hawcs:  GeoL  New  Hamp- 
tfhin',  VoLIIl,PllI,tig».  8  and  8a. 


DiLLBB.]        DESCRIPTIONS:    NO.  133,  STAUROLITIC   MICA-SCHIST.         335 

green  fibrous  aggregate  with  crystal  contours,  embedded  in  a  foliated 
matrix  consisting  of  quartz,  sericite  or  muscovite,  chlorite,  an  occa- 
sional grain  of  zircon,  rutile,  and  tourmaline,  and  innumerable  small, 
black  particles  scatt^ired  everywhere  throughout  the  slide,  except 
through  the  light-green  fibrous  masses. 

Biotite  is  the  most  noticeable  constituent.  It  is  in  large  ])lates,  usu- 
ally elongated  in  the  direction  of  the  c  axis,  and  hence  ])ossessing 
a  cleavage  ^transverse  to  their  hmger  directions.  Its  color  is  dark 
red<lish-brown  parallel  to  the  cleavage  and  a  light  greenish-yellow  per- 
pendicular thereto.  On  the  edges  of  many  plates  the  mica  has  been 
changed  to  chlorite,  and  often  the  alteration  has  proceeded  from  the 
edge  inward,  so  that  lamelhT  of  the  green  chlorite  are  intergrown  with 
liunelldB  of  brown  biptite.  In  the  smaller  grains  all  the  mica  has  often 
been  replaced  by  the  chlorite,  and  in  sections  cut  from  weathered  i)or- 
tions  of  the  rock  not  a  trace  of  biotite  remains  in  even  the  largest 
grains.  Both  the  biotite  and  the  chlorite  developed  from  it  contain 
many  inclusions  of  quartz,  magnetite,  rutile,  zircon,  and  tiny  opaque 
grains  that  may  be  some  form  of  carbon  or  of  a  carbonaceous  substance. 
A  few  of  the  inclusions,  more  particularly  those  of  zircon,  jire  sur- 
rounded by  dark  circles  that  are  more  or  less  pleochroic.  These  are 
known  as  "pleochroic  halos."  The  biotite  flakes  were  evidently  formed 
in  the  rock  after  the  constituents  of  the  matrix,  but  probably  before 
the  cessation  of  the  motion  that  rendered  this  schistose. 

The  light-green  masses  with  crystal  outlines  are  composed  of  an 
intermixture  of  little  bundles  of  a  green  fibrous  chlorite  and  spicules 
of  a  colorless  micaceous  mineral.  The  chlorite  is  recognized  by  its 
slight  pleochroism  and  its  dull  interference  colors.  The  colorless  min- 
eral is  brilliantly  doubly  refracting.  Its  extinction  is  parallel  to  a  well- 
defined  cleavage  that  may  be  seen  under  high  powers.  It  is  probably 
muscovite  or  talc.  From  the  shapes  and  composition  of  these  masses 
it  is  clear  that  they  are  pseudomorphs  after  some  mineral  that  origi- 
nally was  present  in  well-defined  crystals.  In  all  probability  this 
mineral  was  garnet.  The  alteration  of  garnet  into  chlorite  is  not 
uncommon.  Perfect  pseudomorphs  of  this  nature  have  been  described 
by  Pumpelly^  from  the  Spurr  mine  in  Michigan. 

The  relation  of  the  garnets  to  the  matrix  is  the  same  as  that  of  the 
biotite  and  of  the  large  staurolite  crystals.  Evidently  they  were  already 
present  in  the  rock  prior  to  the  final  i)roduction  of  its  schistosity.  They 
appear  to  be  the  oldest  of  its  present  constituents,  since  they  only  are 
devoid  of  the  black  particles  so  thickly  strewn  through  all  the  other 
components. 

The  matrix  surrounding  the  biotite  and  garnet  pseudomorphs  ap- 
pears, m  ordinary  light,  as  a  colorless  aggregate  of  fibers  and  grains 
besprinkled  more  or  less  thickly  with  numberless  small  black  or  brown 
particles,  and  containing  here  and  there  an  irregular  flake  of  green 

'  Am.  Jour.  Sci.,  3<1  series,  Vol.  X,  1875^  p.  17. 
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chlorite,  a  rod  or  a  roailded  grain  of  magnetite,  a  ragged  grain  of  ilmenite 
or  of  titaniferous  magnetite,  a  miunte  crystal  of  brownish-yellow  rotile, 
and  occasionally  a  small  plate  of  greenish-brown  tourmaline.  The 
tourmaline  is  recognized  by  its  pleochroism  and  its  absorption  a7>e, 
the  titaniferous  magnetite  by  its  gray  decomposition  products,  and  the 
rutile  by  its  color,  its  lack  of  distinct  pleochroism  and  its  high  refract- 
ive index.  Between  crossed  nicols  the  colorless  or  very  light-green 
component  of  this  matrix  is  the  platy  variety  of  muscovife  known  as 
sericite.  It  is  identitied  by  its  lack  of  color,  its  lack  of  pleochroitsm, 
its  brilliant  polarization  colors,  and  by  the  fact  that  its  extinction  is 
parallel  to  its  cleavage.  The  sericite  occurs  in  long,  acicular  and  col- 
umnar crystals  or  scales,  often  grouped  in  little  bundles.  Between 
them  are  colorless  grains  of  quartz,  usually  elongated  in  a  direction 
parallel  to  the  long  axes  of  the  sericite  individuals.  No  pressure  effects 
are  noted  in  the  quartz  grains.  Their  elongation  appears  to  be  an 
original  condition.  Both  the  quartz  and  the  sericite  have  the  aspect  of 
minerals  that  have  crystallized  in  situ,  and  the  entire  rock  seems  to 
have  undergone  a  complete  recrystallization  from  its  original  state  as 
a  sediment. 

The  structure  of  the  matrix  is  plainly  schistose,  the  schistosity  being 
due  to  the  elongation  of  the  quartz  grains,  and  the  arrangement  of  the 
sericite  flakes  parallel  to  this  elongation.  The  foliation,  however,  is 
not  evenly  parallel,  as  it  is  in  specimens  of  some  of  the  other  rocks  in  the 
collection,  but  is  contorted,  little  folds  being  crowded  closely  together 
in  some  portions  of  the  sections  and  opening  out  into  very  gently  curved 
folds  in  others.  The  quartz  grains  on  the  limbs  of  the  folds  are  always 
much  more  elongated  than  those  in  their  crests  and  along  their  axes, 
thus  causing  these  microscopic  folds  in  the  thinning  of  their  sides  to 
resemble  the  larger  folds  noted  in  disturbed  rock  strata. 

Nothing  in  the  microscopic  structure  of  this  rock  suggests  its  original 
fragmental  character.  As  at  present  constituted,  it  is  a  thoroughly 
crystalline  rock.  No  indications  of  a  fragmental  grain  may  be  detected 
in  it.  Since,  however,  it  has  been  traced  into  slates,  there  can  be  no 
question  as  to  its  derivation  from  a  sediment  composed  of  the  same 
constituents  as  those  composing  an  ordinary  shale.  The  rock  is  a  typi- 
cal crystalline  schist  that  has  been  derived  from  a  sedimentary  frag- 
mental rock.  In  composition  it  is  a  mica-schist  containing  altered 
staurolite  and  garnet  crystals. 

The  rock's  foliation  is  unquestionably  the  result  of  pressure.  The 
elongation  of  the  quartz  grains  and  the  bending  of  the  mica  flakes 
point  to  this  origin.  There  is,  however,  no  fracturing  of  grains  and  no 
distortion  in  their  optical  properties,  as  in  the  case  of  schists  derived 
by  dynamic  nietamorphism  from  igneous  rocks  (see  No.  140).  The 
foliation  of  the  rock  under  discussion  was  not  produced  by  the  flatten- 
ing of  grains  of  minerals  already  existing  in  it,  nor  by  their  rotation 
in tv positions  of  least  resistance.    It  was  caused  by  crystallization  of 
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its  components  while  ander  pressure,  attended  by  motion  in  tlie  plastic 
crystallizing  mass. 

The  rock  affords  a  good  example  of  a  schist  formed  from  a  fragmental 
rock  through  metasomatic  agencies  accompanying  dynamic  action.  In 
dynamically  formed  schists  like  No.  140  the  present  constituents  are 
practically  the  same  as  those  existing  in  the  original  rocks;  in  meta- 
somatic schists  the  present  components  have  been  formed  de  novo.^ 

No.  134.    HORNFELS. 

(From  Geneskk  Valley,  Plumas  County,  (•alifoknia.    Dehcribed  by  H.  VV. 

Turner.  ) 

By  contact  metamorphism  is  meant  those  alterations  in  a  rock  mass 
which  take  place  along  the  border  of  an  intrusive  mass  in  consequence 
of  the  heat  and  mineralizing  solutions  whose  origin  is  due  to  the  intru- 
sive igneous  rock. 

In  the  Educational  Series  collection  this  phenomenon  is  illustrated 
by  two  specimens  from  California— one  a  hornfels  from  Plumas  County 
and  the  other  a  chiastolite-schist  from  Mariposa  County. 

At  both  these  localities  areas  of  granitoid  rocks  are  in  contact  with 
sedimentary  masses,  and  along  the  border  of  the  granite  there  is  a 
zone  of  metamorphic  rock  which  grades  almost  imperceptibly  into  less 
altered  sediments  at  about  the  same  distance  from  the  granite  contact 
at  all  points. 

In  the  metamorphic  zone  new  minerals  have  been  formed,  chieHy  by 
the  recrystallization  of  the  material  of  the  sediments.  This  phenome- 
non has  been  noted  in  many  parts  of  the  world,  and  careful  investiga- 
tions have  showa  beyond  all  reasonable  doubt  that  the  formation  of 
these  minerals  took  place  after  the  intrusion  of  the  igneous  magma 
and  as  a  result  of  it. 

The  investigations  of  Hawes-  have,  indeed,  made  certain  that  in  one 
instance  there  has  been  an  addition  of  boric  acid  to  the  schists  from 
the  mineralizing  solutions,  resulting  in  the  formation  of  abundant 
tourmaline  in  the  zone  nearest  the  granite.  Rosenbusch,^  in  a  very 
thorough  investigation  of  contact  phenomena,  however,  found  that,  at 
the  locality  which  he  studied,  the  new  minerals  formed  were  almost 
wholly  due  to  the  recrystallization  of  the  material  of  the  sediments 
which  had  been  metamorphosed. 

Hornfels  is  the  term  applied  by  Itosenbnsch  to  contact  metamorphic 
ro(!ks  which  are  massive  and  not  schistose.  8uch  rocks  usually  break 
with  a  conchoidal  fracture,  especially  when  tine  grained.  Often,  as  in 
the  specimens  in  the  Educational  Series  collection,  the  hornfels  is  a 

'For  it  (lisciiBMioii  ut'  the  pioci'MHes  concerned  in  t)i«'  metanioriihism  of  sedimentary  rockn  »tv  C.  K. 
Van  Hisc,  The  prinuiples  ol"  North  American  pre-Canibrian  geology  :  Sixteenth  Ann.  Rcpt.  U.  S.  CJeol. 
Survey,  pp.  fi80-69L  Toj.  For  a  diHcnssiou  of  nii'tainurjdii.sni  in  ixeneral  »ee  Marker's  Petrology  lor 
StudentH,  University  Tress,  Camhridge.  1K»5.  pp.  257-290. 

»Am..Iour.Sci.,  3d  serieM,  1881.  Vol.  XXr,p.2I. 

'^  IMc  .Steigerwthiefer.    StraAfdturg.  1877. 
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fine-grained  flinty  rock,  bat  the  name  may  also  be  applied  to  coarser 
varieties  wbicb  were  originally  argillaceoas  sandstones.  The  horn- 
fels  zone  from  wbicb  specimen  No.  134  was  obtained  varies  in  widtb, 
according  to  Mr.  Diller,  wbo  collected  tbe  specimens,  from  160  to  1,300 
feet.  Tbis  great  variation  in  widtb  is  tbougbt  by  Mr.  Diller  to  be  due 
to  tbe  fact  that  tbe  contact  of  the  granite  and  tbe  sedimentary  mass 
is  probably  not  a  vertical  one;  tbat  is  to  say,  be  supposes  tbe  granite 
to  pitcb  in  under  tbe  bornfels,  so  tbat  wben  tbe  zone  is  wide  the  dis- 
tancc  of  tbe  metamorpbic  rock  from  tbe  underlying  granite  surface 
may  not  in  reality  be  any  greater  than  wben  tbe  zone  is  narrow.  Tbe 
igneous  rock  wbicb  has  caused  tbe  original  shale  to  be  metamorphosed 
into  a  bornfels  has  been  called  above  a  "granite."  In  reality  it  should 
be  called  a  quartzgabbro  or  a  quartz-pyroxene-diorite,  for  it  contains 
little  or  no  alkali  feldspar.  The  intrusive  rock  is  a  gray,  medium  to 
rather  coarse-grained  granitoid  rock,  of  granitic  or  hypidiomorphic 
structure,  and  is  composed  of  plagioclase,  hornblende,  monoclinic 
pyroxene,  quartz,  iron  oxide,  biotite,  and  hyperstbene,  tbe  relative 
abundance  of  the  components  being  roughly  indicated  by  tbe  order  in 
wbicb  they  are  named,  plagioclase  being  the  most  abundant.  Apatite 
is  present  in  some  specimens,  and  in  one  thin  section  no  pyroxene  was 
noted.  Tbe  plagioclase  is  chiefly  labradorite,  and  if  the  kind  of  feld- 
spar be  taken  a^  tbe  basis  of  classification,  following  Brogger  and 
others,  then  tbe  above  rock  must  be  called  a  quartzgabbro. 

Microscopically  tbe  rock  is  dark,  very  fine-  and  even-grained,  with 
concboidal  fracture.  None  of  the  individual  constituents  are  recogniz- 
able with  the  unaided  eye. 

Microscopically  tbe  rock  presents,  without  tbe  analyzer,  a  minutely 
mottled  appearance,  due  to  the  presence  of  very  abundant  spots,  lighter 
in  color  than  the  intervening  spaces.  These  spots  are  often  close 
together.  With  tbe  analyzer  they  are  seen  to  be  made  up  of  aggregates 
of  translucent  grains,  with  low,  gray,  interference  colors.  Tbe  grains 
of  these  aggregates  often  extinguish  together;  that  is  to  say,  they 
show  aggregate  polarization,  indicating  a  like  optical  orientation  of  all 
of  the  grains  of  any  one  aggregate.  No  interference  figure  could  be 
obtained  in  convergent  light.  There  are  very  minute  polarizing  fibers 
scattered  through  these  aggregates,  which  are  presumably  biotite. 
The  aggregates  appear  to  represent  the  incipient  formation  of  some 
min(»ral. 

The  spaces  between  the  aggregates  are  dark  colored  and  contain  very 
abundant  minute  foils  of  a  reddish-brown  biotite  and  dull  black  grains, 
which  are  i)robably  carbonaceous. 

Scattered  through  the  section,  both  in  the  aggregates  and  in  tbe 
intervening  sj)aces,  are  clear  grains  of  clastic  (?)  quartz  and  large  foils 
of  biotite,  some  of  them  0.4"""  long. 
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No.  135.  Ohiastoliteschist. 

(Fbom  near  Mariposa,  Mariposa  County,  California.    Describkd  by  H.  W. 

Turner.) 

The  locality  from  which  specimen  No.  135  was  obtained  is  in  a  zone  of 
contact  metamorphic  rocks  at  the  soath  end  of  a  long  belt  of  the  Mari- 
l)osa  slates  which  extends  from  Colfax,  in  Placer  County,  to  the  point 
at  which  the  specimens  were  collected,  a  distance,  following  the  curva- 
ture of  the  slate  belt,  of  about  130  miles.  To  the  west  of  Placerville 
this  belt  of  Mariposa  slates  is  in  contact  with  an  area  of  granite-por- 
phyry and  does  not  seem  to  be  greatly  altered,  but  the  contact  was 
only  cursorily  examined.  Only  at  its  south  end  is  this  slate  belt  in 
contact  with  any  large  body  of  a  coarsely  granular  rock  of  a  granitoid 
nature,  and  at  no  other  point  in  its  entire  extent  does  it  show  great 
alteration.  The  granitoid  rock,  which  has  caused  the  inetamorphism 
of  the  slates  in  Yaqui  Gulch,  extends  at  least  as  far  south  as  the  San 
Joaquin  Eiver,  a  distance  of  35  miles,  with  an  average  width  of  12  or 
more  miles.  This  granitic  rock  is  not  netir  the  contact  with  the  schists 
a  true  granite,  but  a  snbsiliceous  quartzmica-diorite,  as  may  be  seen 
from  the  analysis  in  the  table  below,  and  indeed  this  is  probably  true 
of  most  of  the  area. 

A  finegrained  granite.  No.  372  in  the  table  below,  from  Eaymond, 
near  the  center  of  the  area,  is  nearly  a  normal  granite  in  composition, 
but  analyses  Nos.  369  and  851,  from  near  the  edge  of  the  area,  show 
the  rock  there  to  be  much  less  siliceous.  It  has  not,  however,  been 
determined  whether  or  not  No.  372  represents  the  average  rock  of  the 
center  of  the  area,  or  whether  it  is  not  a  portion  of  an  older  or  younger 
granite  mass. 

Analyties  of  granite  from  the  Raymond  granitoid  area. 


,    No.  389, 
Chowchilla 
River. 


,  Per  cent. 

SlUca 62.62 

Lime 5.49 

Potaasa 1.76 

Soda 3.49 


No.  851. 
Ya<iui 
Gulcb. 


No.  372, 

Rayiiioud 

Quarry. 


Per  cent.  Per  cent. 

58.09  '          73.54 

6.24  I            2.55 

2.02  I            1.89 

2.94  4.66 


In  Yaqui  Gulch,  near  the  intrusive  rock,  the  Mariposa  schists  have 
been  irregularly  displaced  and  their  relation  to  the  quartz-diorite  is 
not  a  perfectly  simple  one,  so  that  the  study  of  the  details  of  the  meta- 
morphism  is  not  so  satisfactory  as  it  would  otherwise  be.  The  rocks 
near  the  granitoid  rock  (a  quartz-diorite)  are  much  obscured  by  soil. 

The  specimen  collected  nearest  the  quartz-diorite  is  a  rather  medium- 
grained  andalusite-hornfels,  and  was  obtained  at  a  x>oint  about  2^500 
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feet  north  of  the  main  diorite  contact  This  hornfels  is  presumed  to 
have  been  origiually  a  sandstone.  The  expression  '^  main  diorite  con- 
tact"  is  used  for  the  reason  that  a  small  mass  of  quartz-diorite^  doubt- 
less an  apophysis  of  the  main  area,  occurs  near  the  andalusite-hornfels 
noted  above.  After  crossing  the  zone  of  andalusite-hornfels,  the  exact 
extent  of  which  was  not  determined,  we  find  in  going  away  (or  north) 
from  the  main  diorite  mass  a  cousiderable  zone  of  knotted  mica-schists 
and  of  chiastolite-schist. 

In  Yaqui  Gulch,  about  3,800  feet  from  the  main  diorite  contact,  these 
schists  are  well  exposed  in  the  bed  of  the  stream.  The  normal  strike 
of  the  main  belt  of  Mariposa  slates  is  about  N.  30°  W.,  with  a  dip  of 
from  50^  to  OO^^'  to  the  east.  In  the  vicinity  of  the  diorite  these  slates 
are  much  displaced  and  to  some  extent  contorted.  Along  that  portion 
of  Yaqui  Gulch,  where  the  specimens  were  collected,  the  beds  strike 
approximately  north  and  south,  and  dip  both  east  and  west  at  an  angle 
of  60^  or  more.  The  schists  thus  lie  nearly  at  right  angles  to  the  course 
of  the  main  diorite  contact,  which  is  nearly  east  and  west. 

The  specimens  of  chiastolite-schist  were  not  obtained  all  at  one  point, 
but  at  various  points  along  the  gulch  within  a  distance  of  about  1,200 
feet,  or  in  a  zone  of  from  3,800  to  5,000  feet  from  the  main  diorite  area. 
The  chiastolite-schist  occurs  in  layers  interbeddetl  with  mica-schists 
and  knotted  schists.  Often  these  layers  are  but  2  to  6  inches  in  thick- 
ness. It  is  evident  that  their  formation  depends  largely  upon  the 
origijial  composition  of  the  individual  layers.  Those  containing  a  large 
percentage  of  argillaceous  matter  appear  to  develop  into  chiastoiite- 
Rchists,  and  the  more  sandy  layers  into  micaceous  schists  without 
chiastolite,  or  with  only  imperfectly  developed  crystals.  This  is  to  be 
expected  from  the  composition  of  chiastolite,  which  is  a  silicate  of 
alumina,  the  latter  being  a  prominent  constituent  of  all  argillaceous 
rocks. 

Some  of  the  specimens  of  chiastolite-schist  collected  in  Yaqui  Gulch 
contain  distinct  impressions  ot  Aucella  erringtoni^  or  one  of  its  closely 
allied  varieties  described  by  Professor  Hyatt.  This  fossil  is  said  by 
Professor  Hyatt,  Professor  Smith,  of  Stanford  University,  and  others, 
to  be  of  Jurassic  age.  It  is  thus  evident  that  the  granitoid  rocks 
which  have  affected  the  metamorphisra  of  the  clay-slates  are  of  late 
Jurassic  or  post- Jurassic  age. 

More  than  5,000  feet  away  from  the  diorite  the  Mariposa  beds  are 
not  greatly  metamorphosed.  They  are  no  longer  schists,  but  clay- 
slates.  However,  they  still  show  some  effects  of  the  metamorpliic 
action  of  the  diorite  in  the  presence  of  very  abundant  minute  prisms, 
the  distribution  of  which  appears  to  be  somewhat  capricious,  as  some 
layers  of  the  clay-slate  show  them  and  some  do  not,  at  exactly  the 
same  locality.  At  a  distance  of  about  0,500  feet  from  the  main  diorite 
contact  the  metamorpliic  action  of  the  igneous  mass  appears  to  have 
ceased  entirely,  but  the  contact  of  the  diorite  and  the  schists  is  perhaps 
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not  a  vertical  one,  and  the  distance  of  the  schists  from  the  anderlying 
diorite  mass  in  a  vertical  or  inclined  direction  may  be  much  less  than 
the  distances  here  given.  Moreover,  it  should  be  stated  that  these  dis- 
tances are  all  approximate.  Some  of  them  were  measured  by  pacing, 
others  only  estimated.  A  contour  map  has  not  as  yet  been  made  of 
this  region,  which  lies  directly  south  of  the  Sonora  quadrangle. 

The  specimen  is  from  Yaqui  Gulch,  2  miles  southwest  of  the  town  of 
Mariposa. 

Megascopically,  when  fresh,  it  is  a  hard,  black,  line-grained  schis- 
tose rock,  with  very  abundant  minute  i>oints  with  a  silvery  reflection 
and  slender  prisms  which  are  square  in  cross  section.  These  prisms 
are  sometimes  an  inch  in  length,  but  usually  shorter.  In  weathered 
specimens  a  dark  center  can  be  seen  in  some  of  the  cross  sections  of 
the  prisms. 

Microscopically,  when  seen  without  the  analyzer,  it  shows  a  fine- 
grained, dark  groundmass,  composed  of  minute,  clear  grains,  many  of 
them  rounded ;  abundant  minute,  black  particles,  and  reddish  brown 
biotite  scales,  arranged  in  more  or  less  nearly  parallel  lines,  giving  the 
schistose  structure  to  the  rock.  In  this  groundmass  are  long,  clear 
prisms  which  are  square  in  cross  section,  and  minute,  clear  prisms 
which  are  nearly  of  a  size,  having  a  width  of  0.02°"°  and  a  length  of 
about  0.2"*"'.  Many  of  these  lie  at  an  angle  to  the  plane  of  schistosity, 
suggesting  their  formation  after  the  rock  had  been  rendered  schistose. 
The  large  prisms  with  square  cross  sections  are  chiastolite,  and 
are  from  1  to  2*»"»  in  diameter.  The  dark  cross  which  distinguishes 
chiastolite  from  andalusite  is  feebly  developed  in  many  of  the  prisms, 
and  consists  in  lines  of  minute  granules  extending  from  the  center  to 
the  prism  edges,  bisecting  the  prism  angles.  The  minute,  black  parti- 
cles show  on  some  surfaces  a  metallic  luster  by  reflected  light.  Some 
of  the  rock  was  powdered  and  washed.  A  fine,  black  dust,  which  col- 
lected on  the  surface  of  the  water  and  which  presumably  represents 
the  black  particles  seen  under  the  microscope,  was  consumed  when 
placed  on  a  platinum  spatula  in  a  flame  at  high  temperature.  This 
powder  is  therefore  assumed  to  be  carbon,  and  the  metallic  luster  indi- 
cates that  it  may  be  in  the  form  of  graphite.  The  minute,  clear  prisms 
seen  in  natural  light  probably  represent  the  silvery  points  observed 
megascopically.  They  are  muscovite.  With  the  analyzer  these  prisms 
extinguish  parallel  to  the  direction  of  elongation  and  show  bright  inter- 
ference colors. 

The  clear  cross  sections  of  the  chiastolite  crystals  show  the  two 
prismatic  cleavages  intersecting  nearly  at  right  angles.  In  the  cross 
sections  the  extinction  is  diagonal,  bisecting  the  prism  angles  and  the 
intersections  of  the  cleavage  lines.  In  longitudinal  sections  the  two 
cleavages  are  indicated  by  parallel  lines,  and  the  extinction  is  parallel 
to  the  cleavage.  In  favorable  light  a  slight  pleochroism  may  be  deteeted 
in  some  of  the  chiastolite  prisms,  jc  being  faintly  roddi'&lv*    "^Vl^  ^\^^k^ 
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edge  of  even  the  freshest  chia«tolite  crystals  is  altered  to  a  fibrous, 
colorless  aggregate,  which,  according  to  Eosenbosch,  may  be  a  mixtare 
of  sericite  and  kaolin,  and  occasionally  irregular  cracks  extending  into 
the  crystals  are  filled  with  this  same  decomposition  product.  The  fibers 
of  the  decomposition  rim  usually  stand  approximately  normal  to  the 
prism  planes.  The  particles  of  the  groandmass,  to  a  certain  extent, 
exhibit  a  tendency  to  fiow  around  the  chiastolite  crystals — that  is  to 
say,  they  are  arranged  in  lines  roughly  i)arallel  to  the  sides  of  the 
prism.  This  is  best  seen  in  the  cross  sections,  and  may  be  taken  to  indi- 
cate that  the  schists  were  in  a  plastic  condition  after  the  crystals  were 
formed.  A  few  minute  veinlets  cut  the  section,  filled  with  a  clear  min- 
eral in  little  grains,  which  is  apparently  quartz.  The  iK>wdered  rock 
was  tested  for  magnetite,  but  merely  a  few  grains  were  found. 


Analyses  of  contact 'tnetamorphic  rocks, 
[Analyst,  Steiger.] 
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Xo.  851  is  a  basic  quiirtz-micadiorite,  collected  near  Yaqui  Creek, 
about  300  feet  from  the  l)order  of  the  zone  of  con  tact-metamorphic  rocks. 
It  is  the  igneous  rock  which  has  caused  the  formation  of  the  contact 
minerals. 

Xo.  432  is  a  knotted  mica- schist  collected  in  Yaqui  Gulch,  about 
3^800  feet  from  the  main  diorite  contact. 
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No.  431A  (Educational  Series  CoUectioD,  No.  135),  is  a  chiastolite- 
schist  collected  in  Yaqui  Gulch,  a  few  feet  to  the  north  of  No.  432,  or 
about  3,800  feet  from  the  main  diorite  contact. 

No.  855  is  a  clay  slate  collected  near  the  head  of  Yaqui  (rulch,  some- 
what more  than  a  mile  from  the  main  diorite  contact. 

The  above  analyses  were  made  with  the  object  of  showing,  as  nearly 
as  practicable,  whether  the  new  minerals  in  the  zone  of  contact  meta- 
morphism  had  formed  as  a  result  of  certain  elements  being  added  to 
the  schists  from  the  quartz-diorite  magma  or  from  the  mineralizing 
solutions  and  gases  accompanying  its  intrusion,  or  had  resulted  merely 
from  the  recrystallization  of  the  material  of  the  clay  slates.  The  speci- 
mens Nos.  432,  431A,  and  855  may  be  regarded  as  having  been  all 
originally  clay  slates.  Eosenbusch  found  that  the  amount  of  the  water 
of  crystallization  in  a  contact  metamorphic  schist  varied  inversely  with 
the  distance  from  the  igneous  rock  that  caused  the  metamorphism. 
This  same  law  appears  to  apply  to  the  above  series.  In  Nos.  432  and 
431 A  the  amount  of  this  water  is  1.79  per  cent  and  2.79  per  cent,  respec- 
tively, while  in  No.  855,  which  is  farthest  from  the  igneous  mass,  the 
water  of  crystallization  (100^  C.+)  is  4.36  per  cent.  It  will  be  noted 
that  the  amount  of  fluorine  is  greater  in  those  scliists  nearest  the 
diorite.  This  element  probably  exists  in  the  authigenic  micas,  and 
may  be  regarded  as  having  been  added  to  the  schists  from  gases  that 
ascended  along  the  contact  at  the  time  of  the  intrusion  of  the  diorite. 
The  carbon  content  (0.11  per  cent)  in  the  quartz-diorite  may  have  been 
derived  from  carbonates  of  liiue  and  magnesia  formed  by  the  action  of 
surface  waters  containing  carbon  dioxide.  This  is  more  than  probable, 
since  carbonates  were  noted  in  small  amount  in  the  thin  sections  of 
the  rock.  It  should  be  borne  in  mind,  however,  that  carbon  dioxide 
occurs  in  a  liquid  form  in  minute  cavities  in  the  quartzes  of  diorite 
and  granite,  and  when  great  masses  of  granitic  rocks  have  undergone 
crushing  the  amount  of  carbon  dioxide  liberated  would  be  consider- 
able. The  quartz-diorite  No.  851,  however,  shows  no  evidence  of  crush- 
ing. The  large  majority  of  the  newly  formed  minerals  in  the  contact 
schists  probably  represents  merely  a  molecular  rearrangement  of  the 
original  comx>onents. 

METAMORPHIC  IGNEOUS  ROCKS. 
No.  136.  APORHYOLITE. 

(From  South  Mountain,  Adams  County,  Pennsylvania.    Described  by  Miss 

F.  Bascom.) 

The  term  aporhyolite,  which  has  been  recently  introduced  into  petro- 
graphical  nomenclature,^  is  designed  to  cover  those  acid  volcanic  rocks 
which  are  similar  in  chemical  and  mineralogical  composition  and  in 


1  Ball.  U.  S.  Geol.  Sarvey,  No.  130.    The  structure,  origin,  and  nomenclature  of  t  be  acid  voloibx^vc^ 
rocka  of  Soath  Mountain :  Jonr.  Geol.,  Vol.  I,  No.  8,  pp.  81&-«ai. 
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structure  to  the  rhyolite,  but  differ  from  that  rock  type  in  possessing  a 
holocrystalline  groundmass,  presumably  secondary. 

The  presence  of  those  microscopic  structures  peculiar  to  glassy  rocks, 
associated  with  evidence  of  the  secondary  character  of  the  crystalliza- 
tion of  .the  groundmass,  is  considered  indicative  of  the  original  glassy 
character  of  the  rock,  and  hence  of  a  former  identity  with  the  rhyolite. 
It  is  maintained  that  the  present  difference  is  due  to  changes  which 
have  taken  place  subsequent  to  the  solidification  of  the  rock,  chief 
among  which  has  been  devitrification. 

By  devitrification  (entglasung)  is  meant  the  conversion  of  a  glassy  or 
partially  glassy  groundmass  into  a  holocrystalline  groundmass.  That 
molecular  motion  does  not  cease  with  the  solidification  of  a  rock  mass 
is  an  acknowledged  fact.  Daubree*  has  shown  experimentally  that 
crystallization  may  take  place  in  glass  just  as  in  a  molten  magma.  The 
action  differs  only  in  the  amount  of  time  required.  In  the  former  case 
it  is  exceedingly  sluggish.  Heat  and  moisture,  which  are  not  likely  to 
have  been  altogether  absent  in  the  history  of  metamorphic  rocks  of 
any  age,  might  be  important  factors  in  initiating  and  accelerating  the 
process. 

Such  then  are  the  facts — the  original  character  of  the  rock  and  the 
subsequent  alteration — indicated  by  the  name  aporhyolite.*^ 

The  structures  pointing  to  a  gl9*ssy  origin  and  the  secondary  char- 
acter of  the  crystallization  of  the  groundmass  will  be  indicated  in  the 
description  of  the  specimen  included  in  this  collection. 

The  aporhyolite  of  the  collection  comes  from  a  spur  of  South  Moun- 
tain, about  2  miles  west  of  the  old  Maria  Furnace,  in  Adams  County, 
Pennsylvania,  and  about  3^  miles  northeast  of  Monterey  Station,  in 
Franklin  County,  Pennsylvania.  The  best  specimens  are  found  north 
of  the  junction  of  Toms  Creek  and  Copper  linn,  ui)on  the  mountain  side. 
They  are  of  pre-Cambrian  age,  and  have  been  subjected  to  pressure, 
rendering  them  more  or  less  schistose. 

In  color  the  aporhyolites  of  this  locality  show  considerable  range;  a 
blue-gray,  bluish  purple,  and  a  reddish  purple  are  the  predominating 
colors.  Both  shades  of  puri)lc  are  frequently  present  in  a  single  hand 
specimen,  when  there  is  a  tendency  to  alt-ernating  bands  of  these  colors. 
Some  s])ecimens  show  a  yellowish-green  tone  due  to  the  presence  in 
some  abundance  of  a  secondary  micaceous  mineral  which  will  be  char- 
acterized later.  Phenocrysts  are  absent  or  inconspicuous.  An  amy*?- 
daloidal  structure,  so  characteristic  of  aporhyolites  from  other  localities 
in  the  South  Mountain,  is  not  observable  in  these  specimens. 

The  conspicuous  feature  of  the  specimens  is  the  globular  or  ellipsoidal 
spherulites  which  crowd  the  rock  so  thickly  as  almost  to  exclude  the 
matrix  in  which  they  are  embedded.  These  spherulites  are  from  3""'" 
to  5'"'"  in  diameter.     On  the  weathered  surface  of  the  rock  they  stand 

•Daubn'-e:  (iC-ologio  Kxptiimeutale.     1879,  j*.  158. 

•TIj(*  prefix  apo  may  he  used  to  indicate  tho  derivation  of  one  tyjM^  t'nmi  anotbvr  bj*  some  spccilic 
'tent  t  ion. 
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out  iu  relief,  giving  it  a  superficial  resemblance  to  a  conglomerate. 
They  are  irregularly  distributed  or  are  arranged  in  bands,  and  are 
often  elongated  by  the  movement  of  the  magma  during  their  formation. 
When  seen  in  cross  section  the  spherulites  show  a  threefold  zonal 
b9.nding  of  the  blue  and  purple  pigment.  There  is  a  dark  center  sur- 
rounded by  light  and  dark  zones,  or  this  arrangement  of  zones  is 
reversed. 

A  liow  structure,  while  not  consxwcuous  as  in  many  aporhyolites,  is 
obscurely  indicated  by  the  banding  of  the  purple  and  blue  shades,  by 
the  elongation  of  tlie  spherulites,  and  by  their  arrangement  in  chains. 

The  bright  cleavage  surfaces  of  minute  feldspar  crystals  occasionally 
reflect  the  light.  These  feldspars,  magnetite,  and  the  secondary  mica- 
ceous mineral  before  alluded  to  are  the  only  constituents  readily  deter- 
mined with  the  naked  eye. 

Both  the  matrix  and  the  spherulites  are  cryptocrystalline. 

The  hardness  of  the  rock  is  between  6  and  7.  Ets  specific  gravity  is 
2.678.  The  specific  gravity  of  specimens  of  sphenilitic  gLnss  ranges 
from  2.385  to  2.394.  These  figures  show  the  increase  in  density  which 
accompanies  devitrification.  The  presence  of  manganese  oxide  is 
denoted  in  a  brown  stain  on  the  weathered  surface  of  the  rock. 

Under  the  microscope  in  ordinary  light  the  spherulites  appear  as  cir- 
cular, elliptical,  or  irregularly  oval  areas  outlined  by  minute  particles 
of  red  iron  oxide  (hematite)  and  dusted  by  the  same  pigment.  Suc- 
cessive zones  are  faintly  indicated  and  arise  from  the  crowding  in 
bands  of  innumerable  particles  of  black  and  red  iron  oxide.  Sometimes 
these  circular  areas  merge  one  into  the  other,  forming  a  chain  of  spher- 
ulites suggestive  of  those  described  by  Professor  Iddings^  as  charac- 
teristic of  the  Yellowstone  National  Park  volcanics. 

The  groundmass  in  which  the  spherulites  lie,  and  which  constitutes 
only  a  small  jiortion  of  the  field,  is  distinguished  in  ordinary  light  from 
the  spherulitic  areas  by  its  comparative  freedom  from  the  iron  oxide 
particles.  PI.  XLIII  shows  the  altered  spherulites  of  an  aporhyolite 
from  the  type  locality  in  the  South  Mountain,  Pennsylvania. 

With  the  analyser  in  place  the  field  has  a  much  more  homogeneous 
aspect.  The  spherulites  unexpectedly  disappear.  Instead  of  the  radi- 
ating fibers  of  quartz  and  feldspar,  which  constitute  the  well  known 
spherulitic  structure,  there  is  a  finel}''  granular  quartz-feldspar  mosaic, 
quite  similar  to  the  quartz-feldspar  mosaic  of  the  groundmass. 

A  cloudiness  due  to  the  abundant  iron  oxide  particles  in  the  spheru- 
litic areas,  the  presence  of  brightly  polarizing  scales  of  a  secondary 
mineral,  or  the  finer  grain  of  the  quartz  feldspar  crystallization  alone 
serve  to  distinguish  the  spherulites  from  the  groundmass. 

Earely  the  aporhyolites  of  this  locality  show  traces  of  a  radial  growth 
of  quartz  and  feldspar,  not  yet  entirely  obliterated  by  alteration  to  a 
granular  crystallization,  while  sometimes  the  groundmass  still  preserves 


>  Obsidian  Cliff:  Seventh  Ann.  R«pt.  U.  S.  Gool.  Survo^ , \«8A,Y,*rV'\  .VV'SC^W. 
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faint  indications  of  i)erlitic  parting.  This  is  a  structure  peculiar  to  a 
glass  and  consists  in  a  concentric  cracking  due  to  tbe  contraction  on 
cooling.  Subsequent  crystallization  might  readily  obliterate  such  a 
structure.  In  this  case  iron  oxide  particles  are  so  arranged  as  to  pre- 
serve the  outline  of  the  cracks.  This  structure  is  illustrated  in  Fig.  Aj 
PI.  XLI V,  i^repared  from  a  thin  section  *  of  aporhyolite  from  the  Lower 
Keweenawan  of  the  Lake  Superior  region. 

Aporhyolites  from  Raccoon  Creek  in  the  South  Mountain,  about 
10  miles  west  of  Copper  Run,  show  spherulitic  and  perlitic  structures 
still  i)erfectly  preserved,  associated  with  lithophysal  flow  and  rhyolitic 
structures  in  great  perfection.  Fig.  B,  PI.  XLIV,  is  aporhyolite  from 
Raccoon  Creek,  showing  spherulitic  and  perlitic  structures. 

The  association  of  any  two  of  these  structures  is  considered  sufficient 
proof  that  the  rock  which  they  characterize  consolidated  as  a  glass. 
Such  is  the  nature  of  the  evidence  that  the  finely  granular  crystalliza- 
tion of  the  groundmass  and  the  spherulites  alike  is  secondary. 

The  rock  first  consolidated  as  a  glass  (or  in  large  part  a  glass), 
crowded  with  spherulites  possessing  the  true  radiating  structure  char- 
acteristic of  spherulites.  Subsequent  to  this  consolidation,  devitrifica- 
tion, the  nature  of  which  has  already  been  explained,  has  brought 
about  the  uniform  granular  holocrystalline  character  which  the  rock 
now  possesses. 

The  mineral  constituents  of  these  rocks  are  few  in  number.  Chief 
among  the  crystals  of  the  first  consolidation  is  a  clear,  well-preserved 
feldspar.  Crystals  of  this  mineral  are  inconsiderable  in  size.  They  are 
frequently  grouped,  and  are  distributed  without  reference  to  the  spheru- 
lites. They  may  be  twinned  by  the  Carlsbad  or  Manebacher  law  and 
often  show  microi)erthic  structure  as  result  of  pressure.  They  may 
contain  inclusions  of  an  original  glassy  magma.  That  they  belong  to 
the  alkali  end  of  the  series  of  feldspars  is  indicated  by  the  chemical 
analysis  of  the  rock,  while  their  specific  gravity  (2.6)  and  the  emergence 
on  the  M  face  of  a  positive  bisectrix  very  slightly  inclined,  as  may  be 
observed  in  converging  light  on  the  Manebacher  twins,  suggest  anor- 
thoclase. 

Occasional  clear  oval  areas  of  granular  quartz  may  sometimes  rep- 
resent granulated  quartz  crystals  of  the  first  consolidation,  or  the  sec- 
ondary replacement  of  spherulitic  centers,  or  they  are,  in  many  places, 
the  filling  of  minute  vesicles  elongated  by  tbe  movement  of  the  magma. 
In  the  last  case  there  are  frequently  forms  along  the  walls  of  the  vesi- 
cles, outlined  by  the  iron  oxide,  which  suggest  minute  tridymite  crys- 
tals or  spherulites,  such  as  are  found  lining  the  walls  of  vesicles  in 
modern  lavas.  They  disappear  in  polarized  light.  Fig.  B^  PI.  XLIV, 
prepared  from  an  aporhyolite  from  Raccoon  Creek,  shows  quartz-filled 
vesicles  bearing  tridymite  spherulites  on  their  walls.  Rarely  trans- 
parent colorless  crystals   of  zircon,  characterized   by   high  index  of 


»  Thin  section  furnished  by  N,  H.  Winchell. 


ALTERED  SPHERULIT£S,  * 


DILLEB.J  DESCRIPTIONS:    NO.  136,  APOBHYOLITE.  347 

refractiou  and  brilliant  polarization  colors,  may  be  reco^ized,  also 
minnte  grains  of  pleocliroic  hornblende.  The  only  other  original  con- 
stituents are  the  iron  oxides,  magnetite,  and  liematite.  They  are  both 
in  part  secondary.  The  latter  is  recognized  by  its  nonmetalhc  luster 
and  reddish  color  in  incident  light,  the  former  by  its  rough  metallic 
black  surface.  Neither  show  crystalline  form.  The  former  is  magnetic 
in  the  powder.    Hematite  is  a  characteristic  pigment  for  rhyolites. 

The  conspicuous  secondary  constituent  is  the  micaceous  mineral  of 
which  mention  has  already  been  made  and  to  whose  presence  the  rock 
owes  a  light  greenish  tinge.  Under  the  microscope,  in  ordinary  light, 
it  appears  as  transparent  pale  greenish  yellow,  irregular  plates  show- 
ing lines  of  cleavage,  with  a  low  index  of  refraction  and  an  oily 
luster.  In  parallel  polarized  light  these  plates  show  brilliant  interfer- 
ence colors,  and  in  converging  polarized  light  a  small  axial  angle. 
These  plates  are  developed  most  abundantly  around  the  feldspar  crys- 
tals, filling  the  cracks  in  the  feldspars  that  have  suffered  crushing, 
and  around  and  in  the  spherulitic  areas. 

It  is  undoubtedly  an  alteration  product  of  feldspar  under  pressure 
and  that  species  of  mica  known  as  sericite.  This  mineral  can  be  formed 
from  the  acid  feldspars  by  the  replacement  by  hydrogen  of  a  portion  of 
the  alkali  constituent  and  the  setting  free  of  silica.  This  kind  of  meta- 
morphism  is  of  common  occurrence  in  the  development  of  schistose 
rocks  from  the  massive  acid  eruptives,  and  has  been  carried  so  far  in 
some  of  the  acid  volcanics  of  South  Mountain  as  to  form  a  sericite-schist. 

Another  secondary  constituent  of  these  aporhyolites  is  epidote.  This 
mineral  is  of  a  deeper  yellowish  green  than  the  sericite,  and  is  easily 
distinguished  from  the  latter  by  its  high  index  of  refraction.  It  occurs 
in  irregular  granular  aggregates.  Its  high  relief  and  bright  interfer- 
ence colors  serve  to  distinguish  it.  It  is  a  product  of  the  weathering 
of  the  feldspars  in  the  presence  of  solutions  carrying  alumina. 

That  the  magnetite  of  these  rocks  is  titaniferous  is  plainly  shown  by 
its  alteration  i>roducts,  of  which  there  are  two.  The  most  abundant 
one  is  a  cloudy,  white  (in  incident  light),  or  yellowish  substance  called 
leucoxene.  Associated  with  this  mineral  there  are,  rarely,  brown  semi- 
transparent  grains  of  titanite,  showing  a  higher  relief  than  epidote,  and 
without  brilliant  interference  colors. 

The  evidence  that  these  rocks  have  undergone  pressure  and  some 
shearing  lies  in  the  development  of  a  sericite  and  the  resulting  folia- 
tion, the  cracking  and  jmlling  apart  of  the  feldspars,  the  development 
of  the  perthitic  structure,  and  the  granulation  of  the  quartzes. 
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An  aualysis  of  aporhyolite  from  Monterey,  Franklin  County,  Penn- 
sylvania, as  reported  by  H.  !N.  Stokes,  is  as  follows  : 

AnalffftJH  of  aporhyolite. 


SiOj 76.34 

TiO, .20 

PjO., triiro 

AV>, 11.60 

tV.Oa 2.41 

FeO ,  .3« 

MnO tmce 

BnO «9 

Sr( ) none 

f'uO 55 

MgO ''         .06 

K^O 'J.T.'i 

Xa^O 5.  r»0 

LijO none 

Coj trac«* 

H^( )  »wl»w  1 1 0^  C •  .10 

ir/)ab»ve  llO^C 39 


Total 1H0.35 

The  analysis  is  essentially  that  of  a  typical  rhyolite.  The  relation  of 
soda  percentage  to  the  i>otash  accords,  in  its  iDdication  of  the  character 
of  the  feldspar,  with  the  optical  determinations.  The  lime  may  be 
referred  to  the  epidote,  which  doubtless  also  explains  the  trace  of  man- 
ganese oxide.  A  manganese  epidote  has  been  found  very  abundantly 
in  some  of  the  aporhyolite  near  Monterey.  The  presence  of  titaniom 
in  the  magnetite  is  also  substantiated  by  the  analysis. 

Beside  the  lo(?ality  from  which  these  specimens  were  obtained  typical 
aporhyolites  also  occur  in  the  South  Mountain  along  Raccoon  Creek, 
south  of  Caledonia  Furnace.  Franklin  County,  Pennsylvania.  Else- 
where similar  acid  volcanics  have  recently  been  recognized,  forming, 
with  the  South  Mountain  volcanics,  a  belt  extending  along  the  eastern 
border  of  the  United  States  and  Canada.' 

Ill  Newfoundland,  Nova  Scotia,  New  Brunswick,  and  on  the  Oasp6 
l)eninsula  old  volcanic  rocks,  both  acid  and  basic,  are  extensively 
develoi)od  and  have  been  described  by  the  Canadian  surveys.  Hitch- 
cock and  Shalcr  report  their  presence  in  Maine  about  Kastport  and 
Mount  Desert,  alonjr  the  (!oast,'-  and  on  Moo.schead  Lake,  in  the  interior.' 

Dr.  Wadsworth  *  and  Mr.  Diller'  have  made  the  lelsites  (aimrhyolites) 
of*  the  IJostoii  basin  famous. 

•  For  ;i  full  ill-count  nt  tlH'sc  lixMliticrt  m-r  :i  |»:i|H-r  liy  (i.il.  WillianiH,  TIm' distrihutlon  «tf  fincient 
volijinir  ri>rk>«  aloni;  tin-  i*iisti*rii  bunliT  i»f  North  Aiiu'iira:  Jour.  tJeol..  Vol.  II.  No.  1.  pp.  1  :n.  pi.  1, 
l^^». 

•''Ain.  Jour.  Sri..  :{il  srrii"..  Vol.  XXXII.  ]»p.  40-4.1. 18»<0. 

3<;»'ol.  Maim-.  IMM,]..  UK)  and  l.i'2:  also  i<l.  ISO:),  p.  n:jii. 

»  Thf  •■i.i--iIiiatioii  of  pm  ks:  Hull.  Muh.  (;»in.  /ool.  Uarvanl  CoUoge,  Vol.  V.p.282. 1879. 

^'J'lii*  t'i]«iti-.'«:iiiil  tlu-iriiMsoi-iatHl  riN'kHnortli  of  Huston:  Hull.  Mum.  Coiiip.  Zool.,  Vol.  VII.  p.  lfI5, 1881. 
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In  Chatham  and  Orange  counties,  North  Garolina,  ancient  acid  vol- 
canics  showing  sphemlitic  and  flow  stractures  have  been  collected  by 
Dr.  G.  H.  Williams,  and  at  Lancaster,  Sonth  Garolina,  devitrified  glasses 
have  been  found  by  Prof.  S.  L.  Powell.  With  continued  petrographic 
study  of  the  pre-Cambrian  rocks  of  America  aporliyolites  may  be 
recognized  at  many  other  i)oints.  The  similarity  of  the  preCambrian 
volcanics  of  the  Lake  Superior  region  to  their  modern  e<iuivaleuts  was 
long  ago  remarked  by  Dr.  Irving.* 

In  the  Kewatin  (Lower  Huronian)  of  Minnesota  holocrystalline  vol- 
canics, showing  perlitic  parting,  sphemlitic,  and  other  structures  com- 
mon to  ai>orhyolite8,  have  lately  been  described  by  Dr.  Grant.* 

While  aporhyolites  have  only  recently  been  recognized  in  America, 
in  England  such  writers  as  Allport,  Cole,  Bouney,  Rutley,  and  Harker 
have  long  investigated  similar  rocks  as  they  occur  in  Scotland,  the 
Lake  District,  and  northern  Wales.  In  Sweden  and  Belgium  they 
have  been  recognized  and  described  by  Nordenskjold  ^  and  De  La 
Valine  Poussin.  * 

For  a  list  of  English,  French,  and  German  papers  on  this  class  of 
rocks  see  Bulletin  136,  United  States  Geological  Survey,  pp.  87-91. 

No.  137.  Granitoid  Gneiss. 

(From   Hoosac   Mountain  (Tunnel),  Mahsachusktts.      Described   by  J.    E. 

Wolff.) 

The  three  rocks,  granitoid  gneiss  (137),  metamorphic  conglomerate 
(128),  and  albite-schist  (129),  form  an  ascending  series,  with  the  gran- 
itoid gneiss  at  the  base,  and  in  their  geologic  relations  give  the  key  to 
the  structure  of  the  main  axis  of  the  Green  Mountains  in  northwestern 
Massachusetts.'^ 

The  granitoid  gneiss  occurs  in  two  areas.  The  first  (from  which  the 
specimens  are  taken)  is  on  Hoosac  Mountain,  where  the  rock  occupies 
a  long  oval  area  on  top  of  the  mountain  south  of  the  tunnel  line,  and 
18  again  cut  by  the  tunnel  for  a  distance  of  several  thousand  feet 
at  a  considerable  depth  below  the  surface  of  the  mountain.  The  sec- 
ond area  lies  a  few  miles  northwest  from  the  first,  forming  the  crest 
and  slopes  of  Stamford  Mountain,  in  Vermont,  and  a  part  of  its 
southern  continuation  in  Massachusetts,  called  Clarksburg  Mountain. 
The  rock  has  hence  been  called  the  **  Stamford  granite,''*^  and  occupies 

>  K.D.Irving,  Coppor-lx^aring  Rocks  of  the  Lake  Superior  Kegion:  Mon.  U.  S.  Geol.  Survey, pp. 
312, 313.  note  5,  p.  436. 

»U.  S.  Grant,  Volcanic  Rockn  in  the  Kewatin  of  Minnesota:  Science.  Vol.  XXIII,  Jan.  12,  1894, 
p.  17. 

'Otto  NordenakjoUl,  Teber  nrchaeischo  Krgussgesteine  aii8  Siualand:  Bull.  Geol.  Inatit.  TJpsala, 
Na2,VoLI.1893. 

*DeLaVall6e  Pouaaiu,  Lies  ancieunea  rhyolites  ilitea  euritea  de  Grand  Mauil:  Bull.  Acad.  R.  de 
Belg.,  3d  aeries,  Tomo  10, 1885. 

s  Consult  Mon.  XXIII,  tj.  S.  Geol.  Survey,  Part  11,  The  Geology  of  Il(»oMac  MouuUin  and 
AiU»cent  Territory,  by  J.  E.  Wolff. 

•  Geology  of  Vermont,  p.  601. 
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a  Eounded  area  several  miles  in  diameter,  within  which  the  rock  dis- 
plays considerable  lithologic  variation.  On  the  outside  of  the  core  of 
this  Stamford  granitoid  gneiss  there  is  a  mantle  of  younger  sedimen- 
tary rocks,  composed  principally  of  quartzite  and  schist,  in  which,  on 
the  west  side,  near  the  summit  of  Clarksburg  Mountain,  in  Massachu- 
setts, Mr.  C.  D.  Walcott  found  the  remains  of  Lower  Cambrian  trilo- 
bites.'  This  quartzite  mantles  around  the  southern  end  of  the  granite 
and  is  found  again  on  the  east  side,  where  it  is  partly  quartzite,  partly 
mica  schist,  so  that  the  mass  as  a  whole  has  a  dome  structure,  with  the 
granitoid  gneiss  as  a  central  core.  On  the  east  side  of  this  dome,  west 
of  the  village  of  Stamford,  Vermont,  a  remarkable  contact  between 
the  two  rocks  is  found.  The  quartzite  is  conglomeratic,  and  in  the 
granitoid  gneiss  there  is  a  curious  cleft  due  to  the  weathering  of  what 
was  originally  a  trap  dike,  some  of  the  material  from  which  is  found  in 
the  overlying  sandstone,  whose  layers  thicken  over  the  cleft  and  sag 
down  into  it,  the  whole  showing  plainly  the  unconformable  deposition 
of  the  quartzite  and  the  pre-Cambrian  age  of  the  granitoid  gneiss. 
The  latter  rock  is  finely  banded,  almost  schistose  at  the  contact,  but 
away  from  this  it  becomes  more  and  more  massive  and  coarse,  with  the 
development  of  large  pbenocrysts  of  feldspar  in  places.  The  schistose 
structure  is  evidently  an  effect  of  crushing  (stretching),  combined  with 
mineralogical  change,  which  decreases  toward  the  solid  core  of  massive 
rock,  but  this  change  was  probably  assisted  by  the  previous  disin- 
tegration of  the  granitic  rock  on  the  old  i)re-Carabrian  land  surface.^ 

On  Iloosac  Mountain  the  rock  occurs  in  smaller  mass  and  is  some- 
what more  metamorphosed  than  the  rock  of  the  Stamford  area.  It 
occurs,  however,  in  the  same  relation,  forming  the  original  Cambrian 
shore  line  and  overlain  by  the  representative  of  the  Lower  Cambrian, 
here  a  conglomerate,  itself  extremely  metamorphosed  (the  meta- 
morphic  conglomerate  of  the  collection).  It  is  noticeable  here,  too, 
that  the  gneissic  structure  is  often  better  developed  near  the  contact, 
and  is  then  roughly  parallel  to  the  banding  of  the  conglomerate. 

The  second  rock,  the  metamorphic  conglomerate  (No,  128),  typically 
developed,  is  found  resting  on  the  granitoid  gneiss  of  Hoosac  Moun- 
tain at  the  place  where  the  latter  rock  leaves  the  surface  of  the  moun- 
tain and  plunges  downward  to  the  tunnel  level.  The  rock  forms  a 
bed  ()00  to  700  feet  in  actual  thickness,  very  coarse  at  the  base  and 
becoming  gradually  finer-grained  toward  the  top,  where  it  is  suc- 
ceeded by  the  albite-schist.  The  conglomerate  outcrops  run  east  and 
west  from  the  central  point  in  the  mountain  crest,  curving  around  on 
each  side  from  an  east-and-west  trend  to  a  north-and -south  one  so 
that  they  bound  the  granitoid  gneiss  area,  and,  in  fact,  completely 
encircle  it.  While  the  conglomerate  dips  from  the  granitoid  gneiss  on 
the  north  and  east  sides,  it  dips  toward  or  under  it  on  the  west  and 

»  Aim.  Jour.  Sci..  'M\  .sories,  Vol.  XXXV,  18«?,  p.  230.  "" 

•i\{.  Piinipelly.    The  relation  of    80cular  rock  di.siiitegration  t(»    certjiin    traDsitionaJ     crjstalUno 
rbist»:  Bull.  Geo].  StK-.  America,  Vol.  II,  pp.  209-224. 
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southwest  sides,  so  that  the  structure  is  that  of  an  anticlinal  fold,  or 
dome  overturned  to  the  west,  the  axis  of  which  inclines  or  pitches 
north,  and  therefore  the  formations  successively  leave  the  sarface 
along  the  crest  of  the  mountain  and  plunge  northward  and  downward 
to  the  tunnel  level.  The  conglomerate,  therefore,  having  been  folded 
over  the  granitoid  gneiss  with  overturning  on  the  west  side,  we  find 
that  the  rock  has  lost  nearly  all  traces  of  its  original  character  on  the 
sides  of  the  fold  where  the  motion  or  stretching  action  was  greatest, 
but  that  this  is  better  preserved  on  the  axis  or  center  of  the  arch, 
where  the  northerly  pitch  of  the  axis  gives  us  the  series  in  normal 
position. 

The  conglomerate  specimens  are  also  taken  from  the  dumi)s  of  the 
central  shaft  of  the  tunnel,  which  cuts  the  rock  1,000  feet  below  the 
surface.  They  show  conglomeratic  character  plainly,  while  the  same 
rock  found  at  the  surface  on  the  sides  of  the  fold  loses  its  character  as 
a  conglomerate  and  becomes  a  gneiss. 

The  third  rock,  the  albite-schist  (No.  129),  overlies  the  conglomerate 
conformably  on  the  crest  of  the  mountain,  exposing  a  thickness  of  at 
least  1,000  feet,  and  mantles  over  the  conglomerate  on  the  east  and  west 
sides,  as  the  upper  layer  of  the  fold.  The  basal  layer,  50  feet  or  more 
thick,  is  very  rich  in  garnet  crystals,  suggesting  an  original  calcareous 
rock,  and  as  the  conglomerate  represents  the  Cambrian  quartzite,  this 
overlying  schist  must  represent  the  Stockbridge  limestone  and  associ- 
ated schists  (Cambro-Silurian)  which  lie  in  the  Hoosac  valley  and 
mountain  mass  of  Greylock  to  the  west  of  Hoosac  Mountain,  so  that 
there  is  some  basis  for  this  explanation  of  the  presence  of  the  lime- 
silicate  (garnet)  in  such  abundance. 

The  albite-schist  is  cut  by  the  tunnel  on  both  sides  of  the  anticlinal 
axis,  and  the  specimens  are  therefore  taken  from  the  dumps  of  the 
central  shait,  which  is  a  great  storehouse  for  specimens  of  the  various 
modifications  of  the  three  rocks,  in  an  ideally  fresh  condition. 

With  this  brief  description  of  the  geological  occurrence  of  these 
specimens,  we  may  proceed  to  their  individual  description. 

In  the  hand  specimen  the  granitoid-gneiss  contains  large  elongated 
masses  of  pale  reddish  feldpar,  separated  by  thinner  bands  of  white 
or  bluish  granular  quartz,  in  the  middle  of  which  there  are  often 
larger  grains  of  homogeneous  blue  quartz.  Thin,  dark-green,  branch- 
ing bands  of  mica  and  epidote  traverse  the  specimen  in  rough  paral- 
lelism to  the  quartz-feldspar  bands,  while  within  the  quartz  or  fehlspar 
masses  little  patches  of  the  same  green  color  are  found.  A  broad,  flat 
cleavage  face  of  feldspar  is  often  distinctly  curved,  or  may  be  broken 
up  into  several  i)ieces  which  do  not  reflect  the  light  simultaneously, 
and  have  therefore  been  moved  from  their  original  position  in  one 
plane.  When  we  remember  that  the  more  massive  rock,  as  found  in 
the  center  of  the  great  Stamford  core,  has  the  same  large  feldspars 
in  well-formed  crystals,  the  blue  quartz  in  large  grains,  and  but  little 
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banding  or  development  of  thin  mica  bands,  we  can  understand  that 
the  present  structure  is  due  to  pressure,  which  strained  and  broke  ap 
the  minerals,  the  granulated  minerals  moving  a  little  over  each  other, 
and  in  the  interstices  thus  formed,  or  along  the  larger  planes  of 
motion,  the  mica,  epidote,  etc.,  developing  to  form  the  little  secondary 
bands.  In  this  way,  by  dynamic  metamorphism,  a  coarse  banded  rock 
has  been  ]>roduced  from  a  coarse  massive  rock. 

In  the  thin  section  these  mechanical  and  mineralogical  changes  can 
be  studied  more  in  detail.  Many  of  the  large  feldspar  areas  are  recog- 
nized as  microcline  by  the  fine  double  twinning  (albite  and  pericline 
laws),  while  others  which  show  no  twinning  are  partly  orthoclase,  partly 
microcline,  which  the  section  cuts  parallel  to  the  second  cleavage 
(  00  Pdb  ).  In  some  cases  the  large  feldspars  contain  narrow,  spindle- 
shaped  masses  of  another  feldspar,  in  parallel  growth  (microi)erthite). 
Other  feldspar  areas  with  but  a  single  polysynthetic  twinning  are 
probably  albite  (primary).  These  large  crystals  are  crossed  by  little 
vein-like  aggregates  composed  of  rounded  grains  of  quartz,  little  irreg- 
ular grains  of  fresh,  clean  microcline,  other  grains  of  feldspar  with  a 
clear,  even,  polarizing  tint,  with  often  two  straight  parallel  sides  and 
a  twinning  line  parallel  to  them  which  divides  the  crystal  into  two 
halves,  all  these  properties  being  identical  with  those  of  the  albites  of 
the  conglomerate  and  schist,  so  that  it  is  probably  the  same  feldspar 
in  the  case  of  the  granitoid  gneiss.  In  addition  to  these,  the  veiulets 
contain  little  grains  of  epidote  and  plates  of  biotite  and  muscovit^. 
They  may  run  irregularly  or  be  roughly  parallel  in  direction  to  the 
general  banding  of  the  rock.  It  often  happens  that  the  large  feldspar 
is  broken  into  several  minor  i)ieces,  which  are  separated  along  the  lines 
of  break,  or  of  micro-faulting  by  an  aggregate  of  these  minerals,  whose 
later  origin,  after  pressure  and  motion  had  iM5ted,  is  thus  evident. 

In  the  same  way  the  larger  masses  of  original  quartz  are  identified 
by  their  large  size  and  by  the  fact  that  they  are  surrounded  by  a  zone 
of  aggregate  quartz  broken  oft'  from  the  parent  mass,  which,  in  polar- 
ized light,  is  seen  to  be  itself  strained  or  cracked.  This  original  quartz 
is  moreover  free  from  inclusions  of  any  of  the  secondary  minerals, 
unless  in  cracks,  while  the  metamorphic  quartz  of  the  little  veiulets 
which  penetrate  the  feldspar,  and  of  the  banded  aggregates  between 
the  feldspar,  frequently  inclose  biotite,  showing  the  contemporaneous 
origin  of  the  two  minerals,  and  that  the  larger  masses  of  original  quartz 
existed  before  the  period  of  the  biotite  formation. 

The  rest  of  the  slide  is  comi)osed  of  an  aggregate  of  the  following 
minerals: 

(1)  Feldspar,  in  little  inipert'ect  crystals,  which  are  often  simple  twins 
according  to  the  albite  law  and  are  probably  albite.'  These  are  either 
clear  or  are  filled  with  little  plates  of  mica,  grains  of  epidote,  and  driq)- 
lets  of  (luartz.     Tluue  are  also  irregnhar  grains  of  microcline,  in  part 

^■■'•'iifii- refniclivr  iu<l«x  i^  usually  lowrr  than  tlint  ofiln'  li.ilsaui  of  the  sertion.  «»r  b:in'l>  niual  to  it. 
fuity  at  rxtincth'U  in  iIm-  /ohh  of  \\\v  \\\\\\\\\\vi  -.wvh  \«<\vm\\\%\\  ^ot  vA\^ovV^■*v ,  v.e.,  albitt*. 
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broken  off  from  the  large  primary  crystals,  in  part  probably  metamorphic. 
(2)  Quartz  in  interlocking  aggregates  or  isolated  grains.  (3)  Biotite 
and  greenish  mnscovite  in  irregalar  stringers,  inclosing  in  their  meshes 
little  prisms  or  grains  of  yellow  epidote  with  high  polarizing  colors, 
occasional  grains  of  black  opaque  magnetite,  white  grains  or  aggregate 
masses  of  titanite,  and  some  are^s  of  white  calcite,  recognized  by  its 
rhombohedral  cleavage  and  white  polarization.  There  are  occasional 
small  prisms  of  zircon  with  terminal  planes  and  with  distinct  uniaxial 
positive  character. 

This  aggregate  of  minerals  often  invades  the  large  original  masses  of 
feldspar,  but  it  will  be  noticed  that  none  of  these  minerals  show  signs 
of  straining  or  breaking,  and  that  the  little  albitic  feldspars  inclose 
epidote,  quartz,  and  mica.  Eeasouing  from  this,  we  infer  that  they 
formed  after  or  during  the  action  of  tbe  forces  which  strained  and 
broke  the  original  feldspars  and  quartz,  and  under  conditions  of  con- 
temporaneous crystallization,  unlike  those  of  eruptive  rocks,  where 
there  is  generally  a  certain  succession  in  the  formation  of  the  different 
minerals — some  earlier,  some  later. 

The  original  rock  was  a  coarse,  massive,  granitic  rock,  perhaps  of 
eruptive  origin,  and  resembling  the  coarse  granite  of  Finland,  called 
rapakiwi,  while  dynamic  metamorphism  has  produced  the  present 
gneissic  condition,  the  miiieralogical  change  consisting  essentially 
in  the  production  of  new  feldspar,  mica,  quartz,  and  epidote. 

No.  138.  Epidote-micagneiss. 

(From  Lebanon,   Grafton  County,  New  Hampshire.     Described   by  J.  P. 

IDDINGS.) 

This  gneiss  from  Lebanon,  New  Hampshire,  was  supposed  to  be 
so-called  protogene-gneiss,  the  characteristic  minerals  of  which  are 
"chlorite,  talc,  rotten  mica,  or  other  decomposition  products,"  accord- 
ing to  Hawes.^ 

It  is  in  fact  an  epidote-mica- gneiss,  according  to  present  classifica- 
tion. It  consists  of  relatively  large,  irregular  crystals  of  microcliue, 
with  small  grains  of  quartz  in  aggregates  equaling  the  feldspar  in  bulk, 
besides  brown  biotite  in  aggregates  of  small  plates,  variable  amounts 
of  colorless  mnscovite,  and  much  epidote  in  aggregations  of  microscopic 
crystals.  Subordinate  minerals,  occurring  in  relatively  small  amounts, 
are  apatite,  tourmaline,  allanite,  zircon,  possibly  sphene,  and  occasion- 
ally green  mica  or  chlorite  and,  rarely,  calcite.  The  rock  is  quite  fresh 
and  undecomposed,  judging  from  the  condition  of  the  brown  biotite. 
The  epidote  is  grouped  in  aggregations  with  quartz  and  sometimes 
with  mnscovite,  or  is  scattered  in  various-sized  crystals  and  grains 
through  the  microcline,  but  there  are  no  remains  or  other  evidence 


»G.  W.Hawee:  Mineralogy  and  Lithology  of  New  Hampshire,  Part  IV,  of  Geology  of  New  Ilamp- 
■hire.    Concord.  1878,  p.  201 . 

Boll.  150 ^23 
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of  any  ferromagnesian  miueral,  more  or  less  altered,  from  which  it 
could  have  been  in  part  derived.    It  appears  as  a  primary  constituent. 

The  microcline  exhibits  microscopic  multiple  twinning  with  grating 
structure,  and  the  fibration  due  to  an  intergrowth  of  plagioclase,  or 
microperthite  structure.  In  certain  sections  the  microcline  twinning 
is  scarcely  recognizable.  There  is,  besides,  a  simple  Carlsbad  twin- 
ning. Smaller  feldspars  occur  mixed  with  the  quartz.  The  feldspars 
are  clouded  to  a  greater  or  less  extent  by  minute  crystals  of  epidote, 
and  sometimes  of  muscovite.  The  minerals  are  in  some  cases  arranged 
in  several  directions  in  a  feldspar,  the  substance  of  the  feldspar  being 
otherwise  quite  pure.  Micropegmatitic  intergrowth  of  quartz  and 
feldspar  is  occasionally  noticed.  In  some  feldspars  there  are  innumer- 
able minute  rectangular  inclusions  with  a  bubble  of  gas  in  each, 
presumably  fluid  inclusions  of  secondary  origin.  Microscopic  grains  of 
quartz  with  rounded  outline  are  abundant  in  certain  feldspars,  the 
quartz  being  more  numerous  in  the  marginal  part  of  the  feldspar. 

Quartz  forms  irregular  grains,  somewhat  rounded  in  outline,  often 
very  free  from  inclusions  or  impurities,  sometimes  bearing  numerous 
minute  crystals  of  epidote,  and  less  often  those  of  biotite  and  mus- 
covite.   Fluid  inclusions  are  not  common. 

Biotite  forms  small  stout  plates,  set  at  all  angles,  without  approach 
to  parallelism.  Its  color  is  dark  broivu  with  a  tinge  of  green.  The 
absorption  is  strong,  and  the  substance  of  the  mineral  quite  pure.  In 
a  few  cases  it  is  altered  to  a  green  mica,  and  in  some  cases  chlorite. 
Muscovite  is  almost  absolutely  colorless  in  thin  section,  with  slight 
absorption  of  light  for  rays  vibrating  i)arallel  to  the  cleavage  of  the 
mica.  It  is  sometimes  inclosed  by  biotite.  Both  micas  are  in  places 
intergrown,  or  include  one  another,  together  with  grains  of  quartz 
and  epidote.     Inclusions  of  apatite  and  zircon  are  scarce. 

Epidote  forms  yellowish  crystals  or  grains  with  faint  pleochroism. 
Its  high  index  of  refraction  and  strong  double  refraction  are  character- 
istic. Occasionally  the  center  of  a  crystal  is  chest  nut- brown  and 
pleochroic,  and  is  probably  allanite.  It  is  closely  associated  with  mus- 
covite in  some  places,  in  others  is  independent  of  it.  Its  size  sinks  to 
the  minutest  microscopic  dimensions.  It  might  be  assumed  to  be  an 
alteration  product,  as  it  often  is,  were  it  not  for  the  fact  that  no  par- 
tially decomposed  calcium-iron  mineral  is  to  be  found  in  the  rock. 

Apatite  is  scarce,  in  colorless,  irregular  grains.  Zircon  is  also  scarce, 
and  forms  very  small  grains. 

Tourmaline  occurs  sparingly  in  short  prisms,  with  a  purplish-brown 
color  in  thin  section,  and  exhibits  complete  absorption  of  the  ordinary 
ray.  Several  grains  of  calcite  were  noted  in  one  section,  and  in  another 
an  irregular  grain  supposed  to  be  sphene.  Chlorite  is  present  in  only 
a  few  instances,  when  it  exhibits  a  strong  green  color  and  marked 
pleochroism.  It  is  evidently  an  alteration  product  derived  directly 
from  biotite.    Magnetite  is  entirely  absent. 
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It  is  possible  that  this  rook  m^y  be  the  aame  aa,  or  similar  to,  that 
mentioned  by  Hawes,  in  the  report  already  referred  to,  as  occarriug  at 
Walling's  quarry,  which  contains  epidote. 

No.  139.  Diabase  Amygdaloid. 

(Froh  Grand  Makais,  Cook  County,  Minnesota.    Described  by  W.  S.  Baylky.) 

This  rock  forms  one  of  the  many  flat-lying  sheets  that,  together  with 
conglomerates  and  other  fragmental  layers,  make  up  the  Keweenawau^ 
or  copper-bearing  series  of  the  Lake  Superior  region.  On  the  north 
shore  of  the  lake  the  eruptive  beds  of  the  series  come  down  to  the 
water's  edge,  forming  cliiis,  in  whose  sides  several  distinct  layers  may 
often  be  seen.  Some  of  tbe  beds  are  dense  throughout;  others,  and 
among  them  the  bed  from  which  tbe  specimen  was  taken,  are  com- 
pletely crystalline  and  moderately  coarse  grained  toward  their  centers, 
and  finer  grained  and  vesicular  at  both  the  upper  and  the  lower  con- 
tacts. 

The  vesicles  in  modern  lavas  are  known  to  be  due  to  the  expansion  of 
water  contained  in  the  molten  rock  magma.  As  long  as  this  remains 
in  the  interior  of  the  earth  the  pressure  there  existing  retains  the  water 
in  a  liquid  condition.  Wben  tbe  magma  escapes  to  the  surface,  where 
the  pressure  is  much  less,  the  superheated  water  flashes  into  steam, 
which  in  attempting  to  escape  produces  bubbles  in  the  liquid  mass,  just 
as  bubbles  are  produced  in  boiling  water.  If  the  rock  solidifies  quickly 
at  top  and  bottom  some  of  the  bubbles  are  caught,  the  steam  escapes 
from  them,  and  a  vacuole  results.  If  the  vacuole  is  afterwards  filled 
by  material  deposited  from  waters  circulating  tbrough  the  rock,  amyg- 
dales  are  formed,  and  tbe  rock  becomes  an  amygdaloid.  Tbe  vesicles 
in  old  lavas  are  undoubtedly  due  to  the  same  causes  as  give  rise  to  the 
vacuoles  of  modern  volcanic  rocks.  Hence,  when  a  sheet  of  eruptive 
material  is  found  with  vesicles  near  its  upper  surface,  and  especially 
when  these  are  found  near  its  lower  surface  as  well,  we  conclude  that 
the  sheet  was  a  surface  flow,  like  the  lava  sheets  of  modern  volcanoes. 

The  specimen  was  taken  from  near  the  upper  surface  of  a  flow  or 
sheet  that  reaches  the  water's  edge  1^  miles  east  of  Grand  Marais,  on 
tbe  north  shore  of  Lake  Superior. 

An  inspection  of  the  hand  specimen  shows  it  to  be  a  very  fine-grained 
purple  rock,  without  any  evidences  of  stratification  or  foliation.  In  it 
are  a  large  number  of  vacuoles.  In  a  few  of  the  specimens  these  are 
arranged  with  their  long  axes  approximately  parallel,  but  in  most  no 
such  regular  arrangement  is  apparent.  In  tbe  former  case  the  regular- 
ity is  due  to  the  fact  that  movement  continued  in  the  pasty  rock  magma 
even  after  it  had  become  viscous  enough  to  prevent  the  escape  of  the 
bubbles.  These  were  consequently  drawn  out  in  the  direction  of 
the  motion. 

>  For  cbaMctMiuilaii  of  the  Keweenawan,  see  Irving  and  Cbamberlin,  Bull.  U.  8.  G«a\.  ^^sh«^ 
JJo,  23,  and  B.  P.  Irving,  Copper-bearing  Booka  of  Lake  HnpexVoc^oii.^  .^C^vSU^'Qr««9>'^  ^^'^  * 


356  THE   EDUCATIONAL   SERIES   OF   ROCK   SPECIMENS.     [buli^iSO. 

Some  of  the  vacuoles  are  entirely  empty.  Others  have  their  walls 
covered  with  a  thin  coating  of  a  fibrous  pink  mineral,  while  others 
again  are  almost  filled  with  larger  needles  of  the  same  substance.  A 
few  are  lined  with  a  pistachio-green  material  resembling  epidote,  while 
still  others  have  their  sides  lined  with  a  layer  of  the  green  mineral 
under  a  coating  of  the  pink  substance.  It  is  evident  that  the  green 
mineral  is  older  than  the  pink  one,  since  the  latter  could  not  have  been 
deposited  upon  the  former  until  this  had  already  existed.  In  a  few  of  the 
vesicles  a  third  substance  maybe  seen.  It  is  a  soft,  colorless,  or  white, 
easily  cleavable  material  that  effervesces  strongly  when  moistened 
with  cold  hydrochloric  acid.  This  mineral,  which  is  evidently  calcite, 
is  younger  than  the  pink  mineral,  since  it  occupies  the  central  portions 
of  the  vesicles  and  is  surrounded  by  the  latter,  which  is  present  in 
little  bundles  of  radiating  needles,  whose  hardness  is  low.  The  needles 
easily  dissolve  in  hydrochloric  acid,  yielding  gelatinous  silica,  and  give 
up  water  in  the  closed  tube.  Though  no  complete  chemical  analysis  of 
them  has  been  made,  there  is  but  little  doubt  that  they  are  laumontite. 

When  placed  under  the  microscope  the  mass  of  the  rock  is  found  to 
consist  largely  of  small  microlites  of  a  twinned  feldspar  and  a  dark- 
brown  interstitial  substance  or  groundmass.  The  feldspar  is  often 
clouded  with  decomposition  products  and  is  reddened  by  stains  of  iron 
salts.  It  occurs  usually  in  skeleton  crystals  with  forked  ends  in  place 
of  crystal  terminations,  and  in  cross  section  it  frequently  appears  as  a 
hollow  shell  including  portions  of  the  brown  groundmass.  The  micro- 
lites extinguish  at  low  angles  as  measured  against  their  long  axes,  and 
consequently  are  composed  of  a  substance  near  oligoclase  in  composi- 
tion. The  highest  extinction  to  be  noted  is  about  16°,  while  many  of 
the  tiny  crystals  extinguish  nearly  parallel.  The  microlites  are  scat- 
tered irregularly  through  the  section,  except  in  those  parts  near  the 
vacuoles,  where  they  are  absent. 

The  interstitial  substance  or  groundmass  is  opaque  in  most  parts  of 
the  section  and  particularly  so  immediately  around  the  vesicles.  On 
the  edges  of  the  section,  where  it  is  thinnest,  it  is  seen  to  be  comi)osed 
of  many  very  slender  feldspar  needles  aggregated  into  little  radiating 
bunches  or  into  sheaf  like  forms.  Between  these  is  a  dark  matrix 
consisting  of  a  nonpolarizing  substance — originally  glass — darkened 
by  little  round  grains  and  irregular  masses  of  magnetite,  hematite, 
or  brown  iron  oxides.  In  other  plaices  this  matrix  is  comparatively 
clear,  when  it  exerts  a  feeble  influence  on  polarized  light,  as  if  the 
glass  of  which  it  was  composed  had  begun  to  differentiate  into  mineral 
species,  whose  nature,  however,  can  not  be  determined  because  of 
the  abundance  of  the  iron  compounds  mingled  with  them.  In  the 
vicinity  of  the  walls  of  the  araygdaloidal  cavities  there  is  an  absence  of 
the  larger  feldspar  microlites,  as  has  already  been  stated.  Under  the 
higher  powers  small  feldspathic  microlites  may  be  detected  in  these 
^  portions  of  the  groundmass,  but  otherwise  no  special  features  are  to  be 

Hiced  in  it 
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The  general  characteristics  of  the  amygdaloid  are  those  of  a  much 
decomposed  glassy  rock  with  fehlspathic  microlites.  Its  structure 
resembles  that  of  a  glassy  diabase  or  basalt.  Ux)on  comparison  with 
sections  made  from  various  portions  of  similar  vesicular  flows  from 
other  horizons  in  the  Keweenawan,  it  is  found  that  the  rock  under 
investigation  resembles  very  strikingly  the  fine-grained  portions  of 
those  beds  which  in  their  interior  have  the  composition  and  structure 
of  typical  diabase.  Its  fine  grain  and  the  microlitic  character  of  its 
feldspars  are  due  to  the  rapid  cooling  of  the  rock  mass.  The  lack  of 
the  larger  microlites  in  the  neighborhood  of  the  vacuoles  is  due  to  the 
fact  that  in  those  places  comparatively  large  surfaces  of  the  rock  mass 
were  exposed  to  cooling  which  there  went  on  more  rapidly  than  else- 
where, so  that  the  time  before  the  final  solidification  of  the  rock  was 
not  sufficiently  long  to  enable  the  crystals  to  grow  to  the  size  reached 
by  those  in  other  x>ortions  of  its  mass. 

Not  much  can  be  learned  from  the  section  regarding  the  filling  of  the 
cavities.  In  most  cases  the  softer  materials  contained  in  them  are 
removed  in  the  grinding.  Along  the  walls  may  sometimes  be  seen 
adhering  a  small  amount  of  a  colorless  mineral  with  a  low  double 
refraction.  It  occurs  in  little  aggregates  resembling  very  closely  the 
quartz  mosaics  of  certain  quartz  porphyries. 

Other  smaller  cavities  may  be  distinguished  from  the  true  vesicles  by 
the  fact  that  their  sides  are  ragged  and  not  smooth.  The  filling,  a 
dirty  green  substance  having  very  little  eft'ect  on  polarized  liglit, 
extends  far  back  between  the  microlites  of  the  rock;  and  that  portion 
of  the  rock  mass  immediately  contiguous  to  them  is  not  more  compact 
than  the  portions  away  from  them.  Thci^e  two  facts  taken  together 
indicate  that  the  cavities  have  an  origin  diff'erent  from  that  of  the 
larger  vesicles.  The  irregular  i»enetration  of  the  filling  mass  into 
the  rock  material  indicates  that  the  boundary  between  the  two  has 
encroached  on  the  material  of  the  rock.  Since  the  feldspar  microlites 
project  into  the  greenish  substance  filling  the  cavities,  it  is  evident 
that  the  interstitial  groundmass  yielded  more  rapidly  than  the  feld- 
spathic  material.  ThCvSe  cavities  are  consequently  not  true  amygda- 
loidal  ones,  but  they  resemble  these  in  that  both  are  often  tilled  with 
the  same  minerals.  They  are  supposed  to  be  secondary  in  origin,  i.  e., 
to  have  been  formed  by  the  decomposition  of  the  groundmass  of  the 
rock  containing  them,  and  are  distinguished  from  true  amygdules  by 
the  designation  pseudamygdules. 

No  analysis  of  the  rock  is  given,  because  it  is  so  much  decomposed 
and  so  full  of  secondary  products  that  very  little  regarding  its  original 
composition  would  be  learned  from  it.' 


•  For  descriptions  of  similar  aniyjrdaloids  from  the  Lake  Superior  region  see  R.  Purapelly :  Proc. 
Am.  Acad.  Adv.  Sci.,  1878,  XII.  p.  282;  and  K.  D.  Irving.  Copper-bearing  rocks  of  Lake  Superior, 
Men.  U.  S.  Geological  Survey,  Vol,  V,  Washington.  1884,  pp.  87-91. 
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So.  140.   QUARTZ-NORITE-GNEISS. 
(From  Odessa,  Bigstonk  County,  Minnesota.    Dkscribkd  by  W.  S.  Batlky.) 

In  the  valley  of  the  Minnesota  River,  in  Minnesota,  there  exists  an 
area  of  crystalline  schistose  rocks  a  few  miles  wide  and  extending  with 
very  many  interruptions  from  New  Ulm  in  a  northwesterly  direction 
to  the  southeastern  end  of  Big  Stone  Lake.  Among  the  rocks  occur- 
ring in  this  area  are  interbedded  gneisses,  crystalline  schists,  and 
other  foliated  rocks  that  may  be  regarded  as  squeezed  erupti  ves.  They 
are  all  thought  to  be  pre-Algonkian  in  age,  though  so  far  as  known  no 
proofs  of  the  correctness  of  this  view  have  as  yet  been  recorded. 

The  specimen  described  in  this  article  was  taken  from  a  small  out- 
crop 1,200  paces  north  and  1,500  west  of  southeast  corner,  sec.  9,  T. 
120  N.,  R.  45  W.,  near  Odessa,  Minnesota.^ 

In  tlie  field  the  rock  appears  to  be  quite  schistose,  with  a  strike 
about  northeast  and  a  dip  of  about  45^  to  the  northwest.  According 
to  Prof.  0.  W.  Hall,  of  the  University  of  Minnesota,  who  collected  the 
specimen,  the  outcrop  is  isolated,  being  separated  from  all  others  by  a 
distance  of  some  two  or  three  hun<lred  paces.  Consequently  its  rela- 
tions to  the  other  rocks  in  the  vicinity  can  not  be  made  out. 

Very  little  can  be  learned  from  an  inspection  of  the  hand  specimen. 
From  the  ease  with  which  thin  slabs  may  be  broken  from  it  we  are 
justified  in  supposing  it  to  be  schistose,  and  this  supposition  is  rendered 
certain  by  an  examination  of  the  specimen  with  a  lens,  especially  on 
slightly  weathered  surfaces,  where  black  acicular  particles  may  be  seen 
with  their  long  axes  lying  in  the  plane  along  which  the  rock  breaks 
most  easily. 

We  may,  then,  describe  the  rock  as  a  very  dark-gray  crystalline  aggre- 
gate with  an  obscure  schistose  structure  and  a  sugary  tex-ture.  Its 
grain  is  so  tine  that  but  one  of  its  constituents  may  be  recognized  with 
any  degree  of  certainty.  This  is  a  black  mineral  with  a  tinge  of  brown. 
It  is  easily  cleavable,  and  it  glistens  brilliantly  from  its  cleavage  sur- 
faces. A  flake  of  this  mineral  sprung  from  the  specimen  with  the  point 
of  a  i>enknife  and  i)laced  under  the  microscope  is  found  to  have  a  nearly 
uniaxial  interference  figure,  which,  with  the  other  properties  above 
mentioned,  indicates  a  biotite.  in  addition  to  this  there  can  also  be 
detected  a  granular  white  mineral,  whose  particles  are  so  small  that 
their  nature  can  not  be  determined.  The  specific  gravity  of  the  rock  is 
2.770. 

In  thin  section,  the  character  of  the  rock  becomes  very  apparent.  It 
consists  essentially  of  quartz,  plagioclase,  and  a  pyroxene,  with  biotite, 
garnet,  pyrite,  and  magnetite  as  accessory  constituents. 

In  natural  light  there  appears  an  apparently  homogeneous  colorless 
groundmass,  in  which  lie  large,  irregular  grains  of  a  very  highly  refrac- 
tive, almost  colorless,  mineral  with  well-marked  cleavages,  smaller  dark- 


'See  Map,  PL  29,  iu  The  Geology  of  Miimesota,  Vol.  I  of  final  report,  Minneapolia,  18S4,  p.  614. 
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brown  flakes,  small  irregular  or  rounded  grains  of  an  opaque  substance, 
and  occasionally  isolated  highly  refractive  grains  of  a  very  light  pinkish 
tinge,  or  aggregates  of  these.  When  examined  with  a  low  power,  a 
certain  parallelism  may  be  detected  in  the  arrangement  of  the  various 
minerals  (see  PI.  XLY,  A),  though  this  is  not  so  well  marked  as  in  the 
case  of  the  miea-schist  from  the  Black  Hills  (PL  XLII).  The  schistosity 
of  this  rock  is  beautifully  shown  in  the  photograph,  where  the  pyroxene 
and  biotite  grains,  and  to  a  less  marked  degree  the  plagioclase  grains  as 
well,  have  their  long  axes  running  in  the  same  direction.  The  light- 
colored  substance  without  cleavage  cracks  is  quartz,  that  containing 
dark  inclusions  is  plagioclase,  and  the  dark  inclusions  are  its  decom- 
position products;  the  dark-gray  grains  with  heavy  cleavage  lines  are 
pyroxene,  and  the  darker  fibrous  masses  on  the  edges  of  these  are  bio- 
tite. In  the  upper  right-hand  comer  is  a  large  flake  of  the  last-named 
mineral,  and  on  the  right  hand  side  of  the  center  of  the  picture  is  a 
grain  of  magnetite.  The  supposition  grounded  upon  the  macroscopic 
examination  of  the  hand  specimen,  viz,  that  the  rock  is  schistose,  is 
found  to  be  correct,  as  is  also  the  implied  conclusion  that  the  schistos- 
ity is  not  well  marked. 

When  examined  under  crossed  nicols  the  apparently  homogeneous 
groundmass  breaks  up  into  an  aggregate  composed  of  very  irregularly 
shaped  interlocking  grains  of  quartz  and  feldspar.  Both  are  perfectly 
pellucid  in  natural  light  and  both  contain  the  same  kinds  of  ificlusions. 
Tbey  may  be  distinguished  from  each  other  by  the  brighter  polariza- 
tion colors  of  the  quartz  and  the  twinning  striations  of  the  feldspar. 
From  tlie  intricate  manner  in  which  they  interlock  it  is  impossible  to 
determine  which  is  the  older.  Both  include  small  particles  of  all  the 
other  components,  and  therefore  they  must  be  younger  than  these. 
They  contain,  also,  tiny  liquid  inclusions,  a  few  with  movable  bubbles, 
large  quantities  of  black,  red,  and  green  dust,  and  irregularly  outlined 
green  and  reddish  inclosures  that  appear  to  be  either  decomposition 
products  of  some  substance  whose  nature  can  no  longer  be  determined 
or  secondary  infiltration  products.  The  latter  supposition  seems  to  be 
more*  plausible,  since  the  character  of  the  inclusions  is  so  varied,  while 
at  the  same  time  they  are  undoubtedly  such  as  are  produced  by  sec- 
ondary agencies. 

The  twinning  bars  of  the  plagioclase  are  usually  parallel,  but  some- 
times they  appear  in  two  series,  crossing  each  other  at  nearly  right 
angles.  The  maximum  symmetrical  extinction  of  two  contiguous 
lamellcT,  measured  against  their  line  of  contact,  is  about  26^,  indi- 
cating a  plagioclase  somewhere  in  the  labradorite  series.  The  specific 
gravity  of  the  mineral  is  2.673.  In  any  given  position  of  the  section 
between  the  nicols  in  most  grains  only  one  portion  of  the  lamellae 
of  any  series  is  dark,  the  other  ends  of  the  same  lamellsB  remaining 
bright.  As  the  section  is  revolved  the  dark  portions  become  bright, 
the  dark  zone  gradually  moving  toward  what  were  the  bright  ends  in 
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the  first  position.  This  gradual  movement  of  the  dark  portion  of  the 
field  from  one  part  of  a  mineral  to  another  is  known  as  nndalatory 
extinction.  It  is  supposed  in  most  cases  to  be  due  to  a  strain  under 
which  the  mineral  exhibiting  it  exists.  Its  occurrence  in  the  present 
instance  is  probably  evidence  tliat  the  rock  was  produced  by  pressure 
from  some  previously  existing  rock  of  a  somewhat  similar  character. 

The  irregular,  highly  refractive  grains  have  a  slight  pleochroism  in 
pale  greenish  and  pinkish  tints,  the  latter,  when  the  most  prominent 
of  the  two  cleavages,  being  perpendicular  to  the  vibration  plane  of  the 
lower  nicol.  The  extinction  is  parallel  to  the  cleavage  where  only 
one  set  of  cleavage  lines  is  observed,  and  on  sections  on  which  two 
cleavages  are  seen  it  bisects  the  angle  between  these.  The  axis  of 
elasticity  parallel  to  the  single  cleavage  is  smaller  than  the  one  at 
right  angles  to  this,  and  the  double  refraction  is  not  great.  The  polari- 
zation colors  are  consequently  not  brilliant.  Since  the  long  axes  of 
nearly  all  the  grains  run  in  about  the  same  direction,  which  is  parallel 
to  the  plane  of  schistosity  of  the  rock,  and  the  sections  are  made 
parallel  to  this  plane,  it  is  not  surprising  that  so  few  basal  sections  of 
the  mineral  can  be  found.  In  the  one  or  two  that  may  be  discovered 
in  each  section  there  are  two  series  of  cleavage  lines,  which  make  with 
each  other  angles  of  about  88^  and  92°.  No  inclined  extinctions  are 
to  be  seen  in  any  sections  where  only  one  set  of  cleavage  lines  appears. 

The  mineral,  which  is  an  orthorhombic  pyroxene,  is  usually  quite  fresh 
and  free  from  inclusions.  In  sections  cut  from  weathered  portions  of 
the  rock,  however,  an  interesting  alteration  is  observed  to  be  in  prog 
ress.  The  cleavage  cracks  of  the  pyroxene  are  filled  with  a  brown, 
pleochroie  substance  without  definite  morphological  characteristics. 
This  brown  substance  gradually  spreads  into  the  surrounding  augite, 
replacing  it  in  part,  so  that  often  what  at  one  end  is  a  perfectly  fresh, 
almost  colorless,  j)yroxene  is  at  the  otlier  end  a  mass  of  brown,  pleo- 
chroie substance.  As  the  amount  of  the  brown  substance  increases,  its 
characteristics  become  more  pronounced,  until  finally  it  takes  the  form 
of  biotite.  This  biotite  often  lies  embedded  in  augite,  often  it  borders 
large  grains  of  this  mineral,  and  sometimes  it  occurs  in  the  spaces 
between  neighboring  grains.  There  can  be  no  doubt  that  this  biotite 
is  an  alteration  product  of  the  pyroxene. 

The  ]2jreater  portion  of  the  biotite  in  the  section  is  in  isolated  grains 
between  the  colorless  constituents,  quartz  and  plagioclase.  The  long 
axes  of  its  grains  are  nearly  always  approximately  parallel  to  the 
long  axes  of  the  pyroxene.  The  mineral  is  dark  brown,  almost  opaque, 
in  the  direction  of  its  single  cleavage,  and  is  a  brownish  yellow  at  right 
angles  to  this.  The  pleochroie  halos  observed  in  the  micas  of  other 
rocks  are  found  also  in  these,  but  their  pleochroism  is  not  very  marked. 
It  is,  of  course,  impossible  to  state  positively  that  this  biotite  has  the 
same  origin  as  that  found  in  and  near  the  pyroxene,  but  since  it  has 
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exactly  tbe  same  properties  as  the  secondary  mica,  we  may  infer  that 
it  is  probably  of  the  same  origin.^ 

The  only  constituents  remaining  to  be  described  are  the  garnets, 
pyrite,  and  magnetite.  The  first  mentioned  are  in  almost  colorless,  very 
highly  refractive  grains,  without  cleavage  and  without  inclusions. 
They  are  irregular  in  cross  section,  but  approximate  more  or  less 
closely  to  circles.  They  may  be  easily  distinguished  from  all  other  con- 
stituents, since  they  are  perfectly  isotropic  between  crossed  nicols.  The 
large  grains  are  traversed  by  irregular  fracture  lines,  distinguishable 
from  cleavage  cracks  by  their  lack  of  parallelism.  The  garnets  are  found 
frequently  as  inclusions  in  quartz  and  feldspar,  or  in  the  interstices 
between  these.  They  are  evidently  among  the  earliest  formed  of  the 
rock's  components,  as  the  contours  of  all  the  others,  except  pyroxene, 
where  they  touch  the  peripheries  of  the  garnet  are  molded  by  them. 
The  pyroxene  is  regarded  as  older  than  the  garnet,  for  the  reason  that 
the  contours  of  the  garnet  depend  somewhat  upon  those  of  the 
pyroxene  for  their  shape. 

The  pyrite  and  magnetite  are  both  irregular,  opaque  grains  that  may 
be  distinguished  from  one  another  by  the  brassy  luster  of  the  former 
in  reflected  light  and  the  bluish-black  luster  of  the  latter. 

In  an  attempt  to  name  the  rock  we  are  met  with  the  difficulty  always 
experienced  in  discussing  the  classification  of  schistose  rocks.  No 
systematic  scheme  for  their  classification  has  yet  been  proposed.  It 
would  seem  best  to  confine  the  term  schists  to  foliated  aggregates  of 
quartz  and  some  bisilicate  without  feldspar,  and  the  term  gneisses  to 
schistose  aggregates  of  feldspar  and  some  bisilicate  with  or  without 
quartz.  According  to  this  distinction  our  rock  is  a  gneiss,  since  it  con- 
sists essentially  of  plagioclase  and  pyroxene;  i.  e.,  it  is  a  schistose  rock 
with  the  composition  of  quartz-norite.  Roth^  calls  such  rocks  "zob- 
tenites,''  while  Dathe  calls  them  '^flaser-gabbros."^  Gordon*  suggests 
that  when  the  origin  of  a  gneiss  is  known  it  receive  a  compound  name, 
the  first  term  of  which  shall  designate  the  original  rock  from  which  the 
gneiss  was  derived,  so  that  as  much  knowledge  as  possible  concerning 
the  rock  may  be  comprehended  in  its  name.  If  we  accept  this  sugges- 
tion the  name  of  our  rock  should  be  quartz-norite-gneiss.  Professor 
Hall,  who  has  made  a  careful  study  of  the  rock  in  the  field,  thinks 
there  can  be  no  doubt  that  it  was  once  a  typical  member  of  the  gabbro 
family.  The  microscopic  examination  confirms  his  opinion.  It  shows 
the  rock  to  be  a  very  slightly  altered  quartz-norite  that  has  undergone 
pressure  sufficient  to  render  it  schistose. 

Norite-gneisses  are  exceedingly  rare,  as  are  also  gabbrogneisses  in 


1  Cf.  M.  £.  Wadfl worth.  BalL  No.  2,  Geol.  Survey  Minn.,  p.  05.    For  literature  on  alteration  of  augite 
to  biotite,  eee  W.  S.  Ba.vley,  Bull.  U.  S.  Geol.  Survey,  No.  109,  p.  41. 
*  AUgemeine  nnd  Chemische  Geologie.  B(l.  II,  p.  484. 
■Zeitfl  d.  dentsch  geol.  Genell,  1877.  p.  327. 
«  BolL  Geol.  Soc  America,  voL  7, 1895,  p.  122. 
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which  the  pjrroxene  and  plagioclase  are  perfectly  fresh,^  for  the  pressttre 
that  so  squeezes  a  massive  rock  as  to  flatten  its  constitaent  grains 
produces  a  condition  of  afifairs  very  favorable  to  the  alteration  of 
pyroxene  into  hornblende.  In  the  present  case  alteration  has  been 
effected  in  the  rock,  but  the  change  has  been  from  pyroxene  into 
biotite.*  Schistose  gabbros  in  which  hornblende  exists  in  large  quan- 
tities have  been  described  in  a  number  of  foreign  publications,  and 
in  several  published  in  this  country.' 
An  analysis  of  the  rock,  as  reported  by  H.  N.  Stokes,  is  here  given : 

AnalyHiB  of  quariM'tHfriU'-ffneiBB  from  Odeesa,  Minneaola. 
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MgO. 
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61.04 
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Da    00 


5.90 
3.62 

.55 
1.96 

.43 
3.73 


99.87 


The  1.96  per  cent  ot'NajO  corresponds  to  about  34  per  cent  of  iabra* 
dorite  among  the  rock^s  constituents.  After  making  allowance  for  the 
amount  of  Si02  required  by  the  pyroxene,  biotite,  and  garnet,  there 
remains  over  about  20  ])er  cent  of  the  oxide,  which  must  be  regarded 
as  existing  in  the  rock  as  quartz.^ 

No.  141.  Garnetiferous  Hornblende  schist. 


(From   Hanovek,  Grafton  County,  Nkw  Hampshire.     Described  by  W.   S. 

Bayley.) 

The  specimens  of  this  rock  were  collected  at  Hanover,  Grafton 
County,  New  Hampshire,  where  it  was  originally  thought  by  Professor 
Hitchcock^  to  belong  with  the  Lisbon  group  of  schists.  In  a  later 
paper,  however,  the  same  author  is  inclined  to  regard  it  as  igneous. 


'  For  desi'riptioiiH  of  horublcnde  fre«*  gabbroitic  gueiHses,  Hee  accounts  of  augite-scliists.  by  "VVich- 
mann,  Geology  of  Wiscoiisiu,  Vol.  III.  1880,  p.  645;  and  R.  D.  Irving,  ib.,  Vol.  IV,  pp.  6ti9  ond  694-690: 
and  Fifth  Annual  Report  U.  S.  Geol.  Survey,  1865,  p.  211. 

'See  G.  K.  WillianiH,  Bull.  U.  S.  Geol.  Survey  No.  62,  for  discussion  of  etlect  of  pressure  ui>on  the 
minerals  of  the  massive  rocks. 

'Cf.  G.  H.  Williams,  Bull.  V .  S.  Geol.  Survey  No.  28,  and  description  of  specimens  Nos.  109  and  143 
in  this  bulletin. 

^This  rock  will  be  further  described  in  a  pap<»r  now  in  prejiaration  by  C.  W.  Hall,  designed  for 
publication  as  a  bulletin  of  the  Ignited  States  Geological  Survey. 

•C.H.  Hitchcock,  Geology  of  the  Connecticut  Valley  Dietrict:  Geol.  of  New  Hampshire,  Vol.  II, 
Iiib963.    Concord,  1877. 
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since  it  occnrs  in  ^'banehes,  varying  in  size  from  a  peck  measure  to  a 
mass  10  miles  long.  ...  On  the  northwest  side  of  the  principal 
range,  the  schist  comes  saccessively  in  contact  with  mica-schist,  hydro- 
mica-Schist,  argillite,  and  chlorite-schist,  all  of  which  have  been  altered 
through  heat  into  vitrified  and  indurated  rocks,  usually  richer  in  silica 
than  when  unaltered.  On  the  southeast  side  the  adjacent  rock  is 
invariably  mica-schist,  somewhat  indurated.  .  .  .  The  present  atti- 
tude of  the  igneous  hornblende  is  like  that  of  the  modem  laccolite 
where  the  cap  has  been  worn  away."  * 

All  specimens  of  the  rock  are  schistose,  and  some  are  banded  with 
alternating,  narrow,  dark  and  light  bands.  The  rock  as  a  whole  has 
a  dark  greenish-gray  color,  which  is  produced  by  large  numbers  of 
slender  black  needles  of  hornblende  embedded  in  a  fine-grained  white 
or  gray  matrix.  The  bands  of  the  banded  specimens  are  portions  of 
the  rock  in  which  these  two  substances  alternately  predominate.  In 
the  thicker  of  the  lighter  layers  the  white  material  is  quartz,  that 
seems  to  have  been  introduced  along  joint  cracks  in  the  rock.* 

Besides  hornblende  and  quartz,  two  other  minerals  are  observable 
in  the  hand  specimens— garnet  and  biotite.  The  former  appears  as 
little  dark-red  dodecahedral  crystals,  and  the  latter  as  dark  bronzy 
plates  with  a  very  brilliant  luster.  The  mica  plates  and  the  hornblende 
needles  are  arranged  with  their  longer  axes  approximately  parallel  to 
the  banding  of  the  rock,  thus  accounting  for  the  schistosity  in  this 
direction. 

Under  the  microscope  the  rock  is  discovered  to  be  composed  of 
numerous  green  hornblende  prisms  and  large  plates  of  brown  biotite, 
crystals  of  garnet,  and  grains  of  magnetite,  in  a  colorless  matrix  which 
between  crossed  nicols  is  resolved  into  an  aggregate  of  quartz  and 
plagioclase. 

The  hornblende  is  usually  elongated  parallel  to  the  c  axis.  Occa- 
sionally a  cross  section  with  the  characteristic  prismatic  cleavage  is 
observed,  but  not  frequently.  While  the  majority  of  the  prisms  are 
arranged  with  their  longer  directions  approximately  parallel,  many  of 
the  larger  crystals  lie  in  a  direction  inclined  to  this,  thus  interfering 
with  the  perfection  of  the  rock's  schistosity.  The  hornblende  is  strongly 
pleochroic,  as  follows:  c,  bluish  green;  fe,  yellowish  green;  a,  yellow. 
Its  cleavage  is  fairly  well  marked  parallel  to  the  longer  axes  of  the 
prisms.  In  addition  to  this  there  is  a  parting,  nearly  at  right  angles 
to  the  cleavage. 

The  biotite  is  not  found  in  all  sections,  though  it  occurs  in  greater  or 
less  quantity  in  most  of  them.  It  is  in  large  fiakes  with  a  distinct 
cleavage  and  a  reddish-brown  and  yellow  pleochroism.  The  extinction 
is  nearly  zero.  The  biotite  is  evidently  one  of  the  latest  formed  of  the 
rock's  components.     It  not  only  incloses  needles  of  hornblende  and 


iBall.  Geol.  Soo.  America,  Vol.  VII,  p.  511. 

*Cf.  C.  tL  Van  Hise.  Principles  of  Korth  American  Pre-Cambrian  Qeology:  Sixteenth.  Ans^B«s^, 
U.  &  OeoL  Snrr^,  pp.  a02-«64, 000,  (W7. 
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grains  of  plagioclase  and  quartz,  but  its  plates  occur  mainly  in  the 
spaces  between  neighboring  hornblendes. 

The  garnets  appear  in  thin  section  as  light  pink,  perfectly  isotropic 
bodies,  that  include  a  few  grains  of  quartz  and  some  magnetite.  Though 
completely  idiomorphio,  they  were  plainly  formed  after  the  hornblende 
and  the  biotite,  as  may  be  seen  by  the  examination  of  their  contacts 
with  these  minerals. 

The  magnetite  occurs  as  small  irregular  masses  and  grains  scattered 
through  the  colorless  groundmass  and  as  comparatively  large  crystals 
with  an  octahedral  habit.  A  noticeable  feature  in  connection  with  the 
crystals  is  the  presence  around  them  of  a  zone  free  from  hornblende 
and  biotite.  The  iron  that  is  necessary  to  the  production  of  these 
latter  minerals  appears  to  have  been  appropriated  by  the  magnetite 
in  the  manufacture  of  its  crystals. 

The  matrix  in  which  these  constituents  lie  is  a  hypidiomorphic  gran- 
ular aggregate  of  triclinic  feldspar  and  quartz.  The  latter  mineral  is 
the  more  abundant.  It  occurs  in  irregular  grains  of  a  larger  size  than 
the  feldspar  grains.  The  quartz  grains  are  usually  simple  Occasionally 
they  are  complex,  a  single  one  sometimes  breaking  up  between  crossed 
nicols  into  a  number  of  differently  oriented  parts.  Very  rarely  a  grain 
exhibits  the  undulatory  extinction.  Usually  the  quartz  is  water  clear 
and  is  free  from  inclusions.  In  some  sections,  however,  a  few  grains 
include  small  groups  of  colorless  prismatic  crystals  that  resemble  a  zeo- 
lite. The  strong  polarization  of  the  quartz  in  which  they  are  embedded 
has  prevented  the  accurate  determination  of  their  nature. 

The  feldspar  of  the  matrix  is  mainly  plagioclase;  a  few  grains  resem- 
ble microcline.  The  feldspars,  like  the  quartz,  are  in  irregular  grains 
which  show  little  or  no  effects  of  pressure.  The  majority  of  the  gnains 
are  crossed  by  parallel  twinning  bars  with  a  symmetrical  extinction  of 
from  18°  to  22°  against  their  line  of  junction.  These  are  probably 
andesine  or  labradorite.  In  the  darker  bands,  where  hornblende  is 
abundant,  the  plagioclase  contains  few  if  any  inclusions;  but  in  some 
portions  of  the  lighter  bands,  where  the  plagioclase  is  most  abundant, 
the  grains  are  full  of  inclusions  of  hornblende,  biotite,  and  magnetite. 
The  microcline  is  represented  by  a  few  grains  only.  They  are  distin- 
guished from  the  plagioclase  grains  by  the  two  series  of  twinning  bars 
crossing  each  other  at  nearly  right  angles. 

The  study  of  the  thin  sections  throws  but  little  light  on  the  problem 
of  the  origin  of  the  schist.  The  garnets,  the  biotite,  and  the  horn- 
blende are  probably  secondary,  i.  e.,  they  are  not  original  secretions 
from  a  molten  magma.  Whether  the  components  of  the  matrix  are 
also  secondary  or  not  can  not  be  told.  It  is  impossible  to  discover, 
therefore,  from  a  study  of  the  si)eciinens  in  the  collection,  whether  the 
rock  from  which  the  schist  was  derived  was  originally  a  quartzdiorite 
a  diabase  or  a  gabbro.  From  its  mineralogical  composition  it  may  quite 
safely  be  inferred  that  it  was  originally  one  of  these  three  types.    A 
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chemical  analysis  of  a  series  of  carefully  selected  Rpecimens  of  the 
rock  woald  probably  show  that  it  was  origmally  igneous,  and  it  might 
determine  the  type  of  igneous  rock  to  which  it  belonged,  for  Adams^ 
has  shown  that  in  all  probability  sedimentary  and  igneous  schists  may 
by  this  means  be  distinguished  from  each  other,  and  Boseubusch^  has 
proved  that  a  massive  rock  in  its  change  to  a  schist  suffers  little  chemi- 
cal change.  Whatever  may  have  been  the  original  nature  of  the  rock  it 
is  now  a  hornblende-schist,  since  it  consists  largely  of  hornblende  and 
quartz.  The  structure  of  the  rock  from  which  it  was  derived  has  been 
completely  lost  in  the  changes  which  it  has  suffered  in  passing  to  its 
present  condition. 

No.  142.  Steatite,  ob  Soapstonb. 

(From  Francestown,  Hillsboro  County,  New  Hampshire.     Described  bt 

W.  8.  Bayley.) 

Specimens  No.  142  is  from  the  quarries  of  the  Francestown  Soap- 
stone  Company,  at  Francestown,  New  Hampshire.  The  rock  has  beeu 
quarried  at  this  place  since  1802.  It  is  used  largely  for  the  manu- 
facture of  stoves,  the  refuse  and  waste  being  sold  for  packing  mate- 
rial. The  soapstone  is  said  to  occur  as  a  bed  in  ferruginous  and  mica- 
ceous schists  belonging  to  the  Merrimac  group  of  sediments,  which  is 
placed  by  Hitchcock  ^  in  the  Paleozoic. 

"The  peculiarity  of  the  stone,"  writes  Hitchcock,*  "consists  in  the 
uniform  distribution  through  it  of  spherical  radiated  aggregations  of 
crystalline  plates  of  talc.  These  make  the  stone  uniformly  strong  in 
all  directions."  The  rock  in  thin  sections  appears  to  be  a  fibrous  mass, 
and  where  the  fibers  do  not  overlie  one  another  so  as  to  interfere  they 
are  dark  when  parallel  to  the  plane  of  vibration  of  the  light.' 

The  specimens  in  the  collection  are  sawn  slabs,  consequently  their 
surfaces  do  not  present  the  characteristic  appearance  of  the  rock  as 
seen  in  nature.  On  a  fresh  fracture,  such  as  may  be  obtained  by  break- 
ing off  an  edge  of  the  block,  the  rock  exhibits  an  irregular  aggregate 
of  silvery  gray  plates,  which  here  and  there  are  grouped  into  the  little 
spherical  masses  referred  to  by  Hitchcock.  Occasionally  a  small  grain 
of  a  dark  metallic  mineral,  pyrrhotite,  may  be  detected  among  the  talc 
plates,  but  no  other  constituents  are  observable.  So  far  as  can  be  seen 
the  rock  is  massive.    There  is  no  evidence  of  foliation  in  it. 

In  thin  sections  the  following  components  are  noticed  in  addition  to 
those  mentioned  above:   chlorite,  calcite,  biotite,  magnetite,  quartz, 

'  F.  D.  Adams :  Am.  Jour.  Sci.,  3d  series,  VoL  L,  1895,  pp.  58-69. 

*H.  Rosenbasch:  Zar  Aoffiuang  der  chemischen  Natur  den  Gnmdgebirges,  Tsohermak's  Min.  and 
Petrog.  Mitth.,  XII,  p.  49. 

*C.  H.  Hitchcock,  Geology  of  the  Merrimac  District,  East  Part:  Geology  of  New  Hampshire,  Vol. 
II,  Chap.  VI,  pp.  588-591,  Concord,  1877. 

^C.  H.  Hitchcock.  Economic  Greology,  Pt.  V :  Geology  of  New  Hampshire,  Vol.  HI,  p.  87. 

•G.  W.  Hawes,  Mineralogy  and  Lithology,  Pt.  IV:  Geology  of  ^ew  Hampshire,  Vol.  Ill,  p.  113. 
Gonoord,  1878. 
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limoDite,  and  rattle.  The  rutile  and  limonite  are  present  in  very  small 
quantity,  the  former  as  tiny  irregular  grains  and  the  latter  as  little 
crystals  disseminated  throughout  the  chlorite  and  talc.  The  magnetite 
is  also  ill  irregular  grains,  but  they  are  not  evenly  scattered  over  the 
section.  They  are  much  more  abundant  in  the  vicinity  of  calcite,  some 
grains  of  this  miueral  being  well  filled  with  them.  This  fact  saggests 
that  the  iron  and  the  calcite  are  secondary  substances  derived  from 
some  original  component  by  alteration.  The  quartz  is  not  found  iu  all 
sections.  When  it  is  present  it  occurs  as  hypidiomorphic  grains  asso 
oiated  usually  with  chlorite.  From  its  general  appearance  and  the 
shape  of  its  grains,  it  appears  to  be  a  secondary  infiltration.  Biotite 
is  more  abundant  than  any  of  the  other  accessories.  Under  low  i>owers 
its  little  plates  look  like  brown  stains  on  the  almost  colorless  tiilc  and 
chlorite  libers.  When  examined  under  high  powers  the  **  stains''  are 
discovered  to  be  very  thin  scales  of  a  reddish-brown  biotite,  with  the 
nsnal  properties  of  this  mineral. 

The  calcite,  chlorite,  and  talc  are  the  essential  components.  All  are 
practically  colorless.  The  calcite  is  graunlar  and  the  other  two  min- 
erals are  fibrous.  The  former  appears  often  as  large  irregular  granules, 
with  a  higher  refractive  index  than  any  other  of  the  colorless  minerals 
in  the  rock.  It  is  distinguished  by  its  strongly  emphasized  rhombo- 
hedral  cleavage  and  by  its  brilliant  polarization  colors.  The  most 
usual  occurrence  of  the  miueral,  however,  is  in  the  form  of  little  veins 
interposed  between  the  folia  of  the  micaceous  components  and  as  nests 
filling  the  spaces  between  neighboring  grains  of  talc  and  chlorite. 

The  two  micaceous  constituents,  talc  and  chlorite,  constitute  the 
greater  portion  of  the  rock,  and  the  talc  is  the  more  abundant.  Both 
minerals  are  found  in  plates,  fibers,  and  folia.  They  are  both  colorless, 
or  nearly  so,  both  possess  a  parallel  series  of  well-marked  cleavage 
lines,  and  both  extinguish  parallel  to  these  cleavages.  The  chlorite  is 
slightly  pleocliroic  in  very  light-green  tints,  and  has  a  very  low  double 
refraction.  Its  interference  colors  between  crossed  nicols  are  gray, 
blue,  or  white.  The  talc  is  nonpleochroic.  Its  double  refraction  is 
strong,  and  its  interference  colors  are  in  brilliant  red  and  green  tints. 
There  is  no  difficulty  in  distinguishing  between  the  two  minerals. 

In  structure  the  rock  is  radially  fibrous.  The  folia  of  talc  and  chlo- 
rite are  rarely  straight.  They  are  usually  curved  and  bent  to  such  an 
extent  that  every  plate  shows  the  undulatory  extinction.  Large  bent 
and  crumpled  folia  lie  in  a  felted  mass  of  smaller  fibers,  which  in  turn 
are  curved  and  crumpled  in  the  same  manner.  It  is  this  interlacing  of 
fibers  rather  than  the  occurrence  of  spherical  aggregates  of  talc  that 
gives  strength  to  the  rock. 

Nothing  can  be  learned  from  thin  sections  of  the  rock  concerning 
its  origin,  except  that,  since  its  components  are  all  secondary,  the  rock 
itself  is  probably  secondary.  There  is  nothing  in  the  nature  of  these 
components,  however,  and  nothing  in  the  structure  of  the  rock  that 
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suggests  the  natai*e  of  the  original.  Professor  Hitchcock*  in  a  recent 
paper  regards  steatite  as  an  alteration  prodnct  of  material  originally 
igneous,  and  Roth*  declares  that  generally  steatite  is  a  secondary  sub- 
stance produced  from  minerals  that  contain  but  little  alumina,  especially 
from  augite,  hornblende,  and  olivine.  The  chlorite  associated  with  the 
talc  originated  from  aluminous  hornblende  and  augites.  If  the  original 
rock  contained  olivine  this  may  have  yielded  magnetite  in  its  decom 
position.  If  Roth's  statement  expresses  a  fact  the  soapstone  of  Fran- 
cestown  may  be  an  altered  diabase  or  diorite,  containing  some  olivine. 
The  only  phenomenon  observed  in  the  thin  section  that  may  shed  some 
light  on  the  question  is  the  accumulation  of  magnetite  and  biotite  in 
certain  areas,  which  may  possibly  have  once  been  occupied  by  olivine. 

No.   143.   HORNBLBNDE-OABBBO-ONEIgH  (GABBB0I)I0BIT£). 
(From  Franklin,  Haltimork  County,  Maryland.     Abstract  by  J.  P.  Jddings 

FROM  THE   DB8CRIPTION   BY  GkORGE  H.  WILLIAMS.) 

This  rock  has  been  described  by  George  H.  Williams'  as  a  product  of 
alteration  of  gabbros  by  processes  of  dynamic  metamorphism.  The 
rock  varies  in  character  from  place  to  place,  grading  from  massive 
gabbro  into  massive  hornblendic  rock  in  some  places.  In  other  places 
the  hornblendic  rock  possesses  a  well-marked  schistose  structure. 

When  than  foliated  the  ruck  cleaves  with  greater  or  less  readineat  along  one  plane, 
which,  so  far  as  phserved,  appears  to  be  parallel  to  the  foliation  of  the  adjacent 
gneisses.  Where  this  structure  is  most  eminently  developed,  all  traces  of  the  gabbro 
disappear,  and  the  diorite  has  much  more  the  ap])earance  of  one  of  the  so-called 
crystalline  schists  than  of  a  massive  rock.^ 

The  specimens  in  the  Educational  Series  represent  the  more  schistose 
phase  of  the  gabbrodiorite,  and  might  be  described  as  a  somewhat 
feldspatbic  amphibolite.  The  rock  is  greenish  black  and  distinctly 
crystalline,  and  consists  of  hornblende  and  a  subordinate  amount  of 
feldspar.  These  are  arranged  in  parallel  layers  not  clearly  distinguished 
except  in  thin  section. 

The  hornblende  is  the  usual  graen  yariety  common  in  maaaive  diorite  and  crystal- 
line schists.  It  almost  never  occurs  in  well-defined  crystals,  but  in  confused  aggre- 
gates of  imperfectly  developed  individuals.  In  the  rock  from  Franklin,  the  horn- 
blende is  in  compact  crystals  which  are  perfectly  idiomorphic.  The  extinction 
angle,  measured  on  splinters  parallel  to  the  prismatic  cleavage  plane,  gave  an  average 
value  of  about  13^.  The  pleoobroiem  is  very  pronounced  and  of  the  character  usaal 
in  hornblende,  i.  e.,  the  a  ray,  nearly  parallel  to  the  clinodiagonal  axis,  is  light 
yellow ;  the  b  ray,  coincident  with  the  orthodiagonal,  yellowish  green ;  and  the  c 
ray,  dark  bluish  green.    The  absorption  is  here,  as  in  all  hornblende,  C  >  b  >  a. 

The  ordinary  hornblende  of  the  diorite  is  quite  free  from  inclusions,  but  in  certain 
specimens  crystals  much  larger  and  more  compact  than  the  average  occur,  in  which 


>  Jour.  Oeol.  Vol.  IIT,  p.  58. 

*  J.  Roth :  Allgemeine  and  Chetaische  Geologie,  Vol.  II,  p.  541. 

*6eorge  H.  Willlanie,  The  gabbros  and  associated  hornblende  rocks  occnrrlng  in  the  neighborhood 
of  Baltimore,  Maryland :  BuIL  U.  S  Geol.  Survey  No.  28,  Washington,  1886,  p.  27  et  seq. 
<Loo.  oit.,  p.  82. 
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minnte  black  needles  are  so  abundant  as  to  render  the  mineral  qnite  opaqne,  no 
matter  how  thin  the  section  may  be.  These  needles  are  short  and  stoat,  being  often 
so  rounded  as  to  present  an  elliptical  outline.  They  vary  considerably  in  size,  but 
even  the  largest  are  not  more  than  .04  ■"">  in  length  and  .002  ^"^  in  width.  In  prismatic 
sections  of  the  hornblende,  they  are  seen  to  be  arranged  parallel  to  the  vertical  axis, 
and  also  in  two  directions,  making  an  angle  of  about  45-  with  this.  In  basal  sections 
they  appear  to  follow,  for  the  most  part,  the  prismatic  cleavage  lines,  thongh  they 
are  also  less  frequently  disposed  in  other  directions,  especially  in  that  parallel  to  the 
clluodiagonal. 

These  inclusions  furthermore  are  always  central  in  their  arrangement,  the  periphery 
of  the  hornblende  crystal  being  free  from  them.  When  particularly  abundant  the 
smaller  needles  appear  to  rnn  together,  forming  irregular,  opaque  masses,  much 
resembling  magnetite.  That  these  inclusions  are  in  reality  magnetite  is  indicated 
by  the  fact  that  such  crystals  of  hornblende  as  contain  them  most  abundantly  are 
attracted  by  the  magnet,  while  others  are  not. 

The  feldspar  of  this  rock  is  anorthite,  yielding  extinction  angles  on 
the  basal  plane  (001)  as  high  as  22^  to  28^,  and  on  the  brachypinacoid 
(010)  as  high  as  3Go,  The  chemical  composition  of  the  feldspar,  as 
determined  by  W.  S.  Bayley,  in  the  variety  of  this  rock  from  Pikesville, 
is  as  follows: 

Analysis  of  feldspar  from  homhlende-gahhro'gneiss  of  Pikesville,  Maryland, 


RiQ,. 
AltO, 
CaO.. 
Na,0 


Total 

Spedtic  gravity,  2.74. 


Per  cent. 


45.06 
35.60 
18. 30 
.95a 


100.00 


a  By  difference. 

This  corresponds  closely  to  the  composition  of  a  feldspar  composed 
of  eight  molecules  of  anorthite  to  one  of  albite,  Ans  Abi.  The  crystals 
exhibit  polysynthetic  twinning,  and  occasionally  dust-like  inclasions, 
similar  to  those  found  in  the  feldspars  in  the  gabbro  from  this  region 
and  elsewhere.  The  amount  of  feldspar  in  this  rock  is  very  small,  more 
so  than  in  the  gabbro  specimens. 

The  subordinate  or  accessory  minerals  are  very  few  in  number  and 
of  very  small  amount.  They  are  colorless  apatite,  pyrite,  sphene,  and 
minute  crystals  of  epidote,  and  larger  ones  of  irregularly  shaped  zoisite. 
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The  chemical  composition  of  the  gabbro-diorite  from  near  Pikesville, 
Maryland,  as  determined  by  Leroy  McGay,  is  given  in  the  following 
analysis: 

Analysis  of  gabbro-diorite  from  Pikesvillef  Maryland, 


SiO, 

TiO, 

Al,0, 

Fe^Oj 

FeO 

MnO 

MgO 

CaO 

Na,0 

K,0 

PtO. 

H,0 

Total  .. 
Sp.  gr.,  2. 096. 


Per  cent. 


46.85 

.30 

20.02 

2.30 

4.60 

trace 

10.16 

13.84 

1.32 

trace 

trace 

^88 


100.27 


Its  similarity  to  those  of  the  gabbro  of  the  region  has  been  pointed 
out  by  Williams. 

No.  144.   HORNBLENDIO   GABBRO-GNEISS   (GABBEO-DIORITE). 

(From  Minnesota  Falls,  Yellow  Medicine  County,  Minnesota.    Described 

BY  \V.  S.  Bayley.) 

Specimen  No.  144,  like  No.  140,  was  found  among  the  crystalline 
schists  of  the  Minnesota  Valley.  It  occurs  jit  Minnesota  Falls  of  the 
Minnesota  River,  600  paces  north  and  100  west  of  southeast  corner, 
sec.  11,  T.  115  N.,  R.  39  W.,  Minnesota.'  In  the  held  it  appears  as  a 
distinctly  foliated  rock,  striking  about  east  and  west  and  dipping  north 
at  30O. 

The  rock  is  a  medium-grained,  distinctly  crystalline  aggregate  of  a 
white  striated  plagioclase  and  a  lustrous  black  mineral  with  a  quite 
perfect  cleavage.  The  cleavage  surface  is  less  even  than  that  of  mica 
and  the  cleavage  plates  that  can  be  sprung  from  the  mineral  are  less 
thin.  The  microscope  investigation  of  thin  sections  shows  it  to  be 
hornblende.  In  the  hand  specimen  but  little  evidence  of  schistosity  is 
at  first  sight  apparent;  but  upon  close  exauiiuation  it  maybe  seen  that 
the  long  axes  of  a  majority  of  the  grains  lie  approximately  in  the  same 
plane,  though  not  necessarily  in  the  same  direction  in  this  plane. 

A  single  glance  at  the  thin  section  reveals  a  general  parallelism  in 
the  arrangement  of  the  rock's  darker  constituents  (see  PI.  XLV,  B). 
When  placed  under  the  microscope  most  sections  show  only  a  coarse- 
grained aggregate  of  plagioclase  and  light  green  hornblende.  A  few 
show  in  addition  a  very  light  colored,  highly  refractive  augite. 


1  See  pi.  28,  Geology  of  MiuneBOta,  vol.  1  of  Final  Report,  188i,  v-^^- 

Bull.  130 24 
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The  plagioclase  is  in  very  irregalar  grains  that  are  clear  and  colorless 
except  for  certain  tiny  dust-like  inclasions  scattered  through  them.  In 
addition  to  these  the  plagioclase  contains  also  tiny  specks  of  magnetite 
and  small  flakes  of  green  hornblende.  Under  crossed  nicols  it  is  seen 
to  be  crossed  by  series  of  twinning  lamelLne.  The  majority  of  these  form 
a  single  series  of  parallel  lines:  others  form  two  series,  cutting  each 
other  at  angles  of  about  78^.  Some  of  the  lamelliB  run  entirely  across 
the  grains;  others  spring  from  their  edges  and  wedge  out  toward  tbeir 
centers,  while  still  others  spring  from  the  sides  of  cleavage  cracks  and 
extend  only  a  short  distance  into  the  feldspathic  substance.  In  many 
grains  the  lamellie  have  an  undulous  extinction,  different  portions  of 
the  same  lamellae  extinguishing  in  different  positions  of  tbe  stage  as  it 
is  revolved.  All  these  phenomena  indicate  that  the  feldspars  have 
been  subjected  to  pressure.  The  maximum  symmetrical  extinction  of 
contiguous  lamellsB  is  somewhere  in  the  neighborhood  of  33<^,  and  the 
density  of  the  mineral  is  2.731.  It  is  thus  a  basic  bytownite.  Though 
the  main  mass  of  the  feldspar  is  fresh,  as  has  been  said,  the  corners  of 
grains  and  the  small  areas  between  neighboring  ones  are  often  filled 
with  a  micaceous,  brightly  polarizing  substance  in  tiny  flakes,  forming 
by  their  accumulation  little  cloudy  masses  in  and  between  the  fresh 
plagioclase  grains.  This  substance  has  the  peculiarities  of  kaolin,  a 
common  alteration  of  all  feldspars,  and  is  undoubtedly  this  material. 

The  hornblende  is  in  large  masses  with  a  green  color  and  a  mod- 
erately strong  pleochroism.  Many  of  the  grains  have  but  one  set  of 
cleavage  lines.  The  extinction  against  these  varies  between  parallel- 
ism and  an  inclination  of  38°,  according  as  the  section  is  parallel  to 
the  orthopiuacoid  or  to  the  clinopinacoid,  and  the  pleochroism  is  in 
clear-green  and  yellowish-green  tints,  the  former  when  the  cleavage  is 
nearly  parallel  to  the  vibration  plane  of  the  nicol.  Other  grains  of  the 
mineral  have  two  series  of  cleavage  lines  making  angles  with  each 
other  that  the  extinction  bisects.  Where  the  series  are  most  distinct 
and  most  sharply  cut  the  angles  made  by  the  two  sets  are  124^  and  56^. 
The  pleochroism  in  these  sections  is  dark  green  and  light  greenish 
yellow,  the  latter  when  the  shorter  diagonals  of  the  rhombs  made  by 
the  cleavage  are  parallel  to  the  principal  plane  of  the  nicol.  The  ple- 
ochroism is  thus  a  =  greenish  yellow,  b  and  c  =  green.  Absorption 
ti  =  c>a.  The  different  individuals  of  the  mineral  are  very  irregular 
in  shape  and  usually  four  or  five  aggregate  into  groups.  Most  of  these 
are  simple  individuals,  but  others  have  two  or  more  different  parts  in 
the  twinned  relation  to  each  other,  as  may  be  attested  by  examining 
the  section  between  crossed  nicols,  when  the  different  parts  of  the  same 
grain  extinguish  in  opposite  directions,  and  the  polarization  colors  are 
different.  The  only  inclusions  noted  in  the  hornblende  are  little  grains 
of  magnetite,  small  dust  particles,  and  in  certain  sections  masses  of 
a  light-colored,  highly  refractive  mineral. 

The  latter  substance  is  found  only  in  the  interior  of  hornblende 
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instsses,  snrroanded  on  all  sides  by  the  green  homblendic  inaterial.  It 
has  a  Tery  high  index  of  refraction  and  is  not  pleochroic.  It  is  either 
colorless  or  some  very  light  shade  of  green.  Under  favorable  conditions 
it  may  be  seen  to  be  crossed  by  two  series  of  cleavage  cracks  making 
angles  of  nearly  90°  with  each  other.  The  extinction  bisects  these 
angles,  and  the  polarization  colors  are  very  brilliant.  This  augite,  for 
snch  the  mineral  is,  is  not  always  sharply  separated  from  the  sar- 
rounding  hornblende.  It  gi^adnally  assumes  a  greenish  tinge  on  its 
edges.  This  color  deepens  as  the  distance  from  the  interior  of  the 
angite  increases,  and  the  substance  acquires  more  or  less  pleochroism, 
until  it  finally  becomes  indistinguishable  from  the  surrounding  horn- 
blende. This  relation  of  the  two  minerals  indicates  that  the  hornblende 
has  been  derived  in  some  way  from  the  augite.  This  change  of  augite 
to  green  hornblende  is  known  as  uralitizution,  and  the  variety  of  green 
hornblende  so  produced  is  called  uralite.  Uralitization  is  especially 
characteristic  of  rocks  that  have  undergone  dynamic  metamorphism.^ 

Occasionally  on  the  edges  of  hornblende  grains,  and  especially  where 
these  are  in  contact  with  feldspar,  may  be  found  small  reddish  brown 
flakes  of  strongly  pleochroic  biotite,  sometimes  extending  with  frayed 
ends  far  into  the  hornblende.  It  is  present  in  small  quantity,  either 
between  plagioclase  and  hornblende,  as  described,  or  between  neigh- 
boring hornblende  grains.  Its  origin  is  probably  secondary,  and  its 
cause  a  reaction  between  the  hornblendic  and  plagioclastic  materials.^ 

The  essential  components  of  the  rock  as  it  at  present  exists  are 
plagioclase  and  hornblende.  The  latter  is  evidently  an  alteration 
product  of  augite,  and  the  plagioclase  is  bytownite.  Both  minerals  are 
alloti'iomor])hically  developed,  but  the  rock  has  been  given  a  gneissoid 
structure  by  pressure.  If  we  reconstruct  the  predecessor  of  the  gneiss 
from  the  material  at  hand,  remembeiing  that  the  hornblende  represents 
an  original  angite,  we  shall  have^  a  granular  aggregate  of  plagioclase 
and  augite,  i.  e.,  a  gabbro.  Since  the  rock  is  a  gneiss  which  has  been 
derived  from  a  gabbro,  we  must  call  it  a  gabbro- gneiss,  if  we  adopt  the 
nomenclature  suggested  by  Dr.  Gordon.^  Moreover,  since  its  charac- 
teristic ferromagnesian  component  is  hornblende,  its  more  distinctive 
name  is  hornblendic  gabbrogneiss.^  Dr.  Williams'*  has  called  the 
rocks  of  this  character  that  occur  so  widely  in  the  Baltimore  region 
gabbro-diorites,  but  since  these  rocks  at  present  are  neither  gabbros 
nor  diorites  the  name  is  open  to  grave  objections. 

The  hornblendic  gabbro-gneiss  illustrates   the  usual    form   taken 


'See  6.  H.  Williaius,  Ball.  U.  S.  Geoi.  Survey  No.  62, p.  52,  for  general  diacnsslon  of  uralitization 
and  the  literature  of  subject. 

'The  alteration  of  hornblende  into  biotite  is  not  a  common  phenomenon,  though  by  no  means 
imknown ;  of.  G.  H.  Williams :  Bull.  U.  S.  Geol.  Survey  No.  62,  p.  182. 

>See  description  of  No.  140,  p.  358. 

^The  name  homblende-gabbro-gneiHS  describes  a  gneiss  derived  f^om  homblende-gabbro,  i.  e.,  a 
gabbro-gneiss  in  which  the  hornblende  is  original.  In  the  rock  under  discussion  the  hornblende  is 
T^l^arded  as  secondary,  hence  the  nso  of  the  adjective  hornblendic,  which  signifies  merely  that  the 
gneiss  contains  hornblende. 

•  BalL  U.  S.  GeoL  Survagr  No.  2a,  pp.  17, 27.Stt. 
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by  a  gabbro  when  subjected  to  dynamical  metamorpbism,  in  which  case 
the  augite  usually  changes  to  hornblende.  In  the  less  common  case 
the  augite  changes  to  biotite,  and  since  the  latter  mineral  contains  but 
3.1  to  40  per  cent  of  SiOa,  while  the  former  contains  about  53  to  54  per 
cent,  there  is  left  over  a  residue  of  silica,  which  may  crystallize  as 
quartz,  yielding  a  quartzbiotite-augite  phase  of  gabbro-gneissJ 

The  density  of  the  rock  is  2.935,  and  its  composition,  as  found  by 
Dr.  Stokes,  is  given  below  in  column  I.  The  figures  in  column  II 
rei)resent  the  composition  of  the  hypersthene-gabbro  of  the  Baltimore 
area.^  Upon  comparison  it  will  be  found  that  the  schistose  rock  from 
Minnesota  is  almost  identical,  chemically,  with  the  massive  eruptive 
from  Maryland. 

Analysis  of  gabhro-gneisa  and  hyperstliene-gabhro. 


SiOa  . 
AljOa 
Fe^Oa 
FeO.. 


CaO 

MffO 

K,0 

NajO 

Loss  in  ignition 


I. 


48.29 

20.87 

1.13 

4.03 

14.32 

7.54 

.38 

1.77 

.89 


II. 


46.85 

19.72 

3.22 

7.99 

13.10 

7.75 

.09 

1.60 

.56 


Total 


100.12 


100.84 


The  hypidioniorphic  texture  and  the  schistose  structure  of  the 
rock  are  both  well  brought  out  in  Fig.  7?,  PI.  XLV.  The  plagioclase 
appears  as  large  white  areas,  and  the  hornblende  as  darker  ones,  crossed 
by  parallel  lines  marking  the  cleavages  of  the  mineral.  In  the  center 
to  the  left  is  a  core  ot  augite,  whose  dark  color  and  broad,  irregular 
(;ra(^ks  are  indications  of  the  great  amount  of  alteration  suffered  by 
the  mineral. 

No.  145.  Serpentine. 

(From  riKEKNViLLF.  Plumas  County,  Califoknia.    Described  by  ,T.  S.  Diller.) 

Serpentine  is  a  gret^n  or  greenish,  hydrous  silicate  of  magnesia.  It 
is  of  common  ofcuiTence,  forming  large  masses,  chiefly  among  more  or 
less  altered  rocks. 

The  serpentine  of  Greenville,  California,  forms  an  irregular  mass 
bonnded  on  the  one  hand  by  slates  and  on  the  other  by  quartz-porphyry 
and  granite,  through  which  it  appears  to  have  erupted.  It  is  a  typical, 
yellowish  green  serpentine,  and  shows  well  the  slickensides  due  to 
internal  movement  of  tlie  mass.  Adjoining  parts  are  made  smooth  by 
rubbing  against  each  other.  The  slickensides  give  the  serpentine  a 
schistose  appearance. 


'  Sec  (lescription  of  No.  14<>  in  tl>i»  bulletin,  p.  358. 

»  G.  H.  Williams :  Bull.  U.  S.  Geol.  Survey  No.  28,  p.  3B. 
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Small  fragments  of  the  serpentine  are  readily  picked  np  by  a  mag- 
net, showing  the  presence  of  magnetite.  In  a  thin  section  under  the 
microscope  the  serpentine  is  seen  to  be  irregularly  fibrous.  The  fibers 
have  parallel  extinction  in  conformity  to  their  orthorhombic  character. 
Most  of  them  lie  in  the  same  general  direction  as  the  slickensiding. 
In  places  the  fibers  are  so  closely  compacted  in  parallel  position  as  to 
be  optically  continuous,  giving  bright  yellow  colors  between  crossed 
nicols.  Generally,  however,  the  interference  colors  do  not  rise  above 
yellowish  gray.  There  are  no  distinct  indications  of  the  mesh  or  grate 
structures,  characterizing  respectively  serpentine  derived  from  olivine 
and  from  hornblende,  but  rather  the  structure  resembles  the  bar 
structure,  indicating  derivation  from  pyroxene.  The  movement  of  the 
mass  has  been  so  great  as  to  obliterate  much  of  the  original  secondary 
structure. 

Magnetite  is  abundant  in  small  grains  distributed  throughout  the 
mass,  but  often  arranged  in  streams  and  elongated  patches  parallel  to 
the  fibrous  structure  of  the  serpentine. 

Besides  magnetite,  there  are  numerous  yellowish-brown  irregular 
isotropic  grains,  without  definite  crystallographic  outlines.  They  are 
always  less  abundant  than  the  magnetite,  and  although  quite  generally 
distributed  throughout  the  section,  they  are  not  equally  abundant  in 
all  portions.  Considering  the  associations,  and  their  optical  proper- 
tics,  as  well  as  their  chemical  reactions  observed  by  Mr.  Melville,  these 
particles  are  regarded  as  chromite. 

This  serpentine,  where  deeply  cut  by  the  creek  descending  from 
Eound  Valley  reservoir,  contains  nodular  masses  ranging  from  IJ  feet 
to  8  feet  in  diameter.  They  are  enveloped  by  the  schistose  serpentine. 
Upon  the  outside  those  nodules  have  a  dark  border  of  serpentine  and 
magnetite.  The  interior  of  the  nodules  vary  in  color;  the  smaller  ones 
are  gray  and  appear  to  be  composed  of  pyroxene  altered  to  serpentine 
and  chlorite.  The  larger  nodules  have  a  yellowish,  very  heavy  interior, 
which  appears  to  be  pyroxene,  as  in  the  other  case,  but  is  much  less 
altered.  It  has  a  rather  feebly  pronounced  fibrous  structure,  with  a 
large  angle  of  extinction.  Its  outlines  are  entirely  irregular  and  show 
no  characteristic  cleavage.    In  acid  it  shows  no  trace  of  gelatinizatiou. 

These  nodules  give  a  clue  to  the  original  composition  of  the  rock 
from  which  the  serpentine  was  derived,  for  the  serpentine  in  the  nodules, 
associated  with  the  remnants  of  pyroxene,  from  which  it  was  derived, 
has  essentially  the  same  structure  as  that  in  the  slickensided  serpen- 
tine, the  difi'erence  being  that  in  the  slickensided  serpentine  the  bars 
have  been  made  more  generally  parallel  by  motion  within  the  mass. 
This  view  is  corroborated  by  the  fact  that  upon  the  borders  of  the  ser- 
pentine mass  it  passes  into  a  rock,  which  in  its  outward  appearance 
looks  like  gabbro  with  the  pyroxene  and  feldspar  distinctly  marked. 
In  the  thin  section,  however,  it  is  found  that  both  are  highly  altered, 
tl^e  feldspar  to  a  saussuritic  mass  and  the  pyroxene  to  serpentine  with 
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the  bar  stracture  wdl  marked.    Considerable  of  the  original  fibrous 
pyroxene  is  still  present. 

The  analysis  of  the  serpentine  (No.  145)  was  made  by  W.  H.  Melville, 
in  the  chemical  laboratory  of  the  United  States  (Geological  Survey,  and 
is  as  follows : 

AntU/yaU  of  terpgnttne  from  Gremivillef  CaHforuia. 


Loss. 
810,  . 
AltO, 
Fe«0i 
FeO  . 

c»o . 

MgO. 
K«0  . 


Na^O  .... 
Chromite 


Peroent. 


12.70 

39.  U 

2  OB 

4-27 

2.04 

trace 

39.84 


0.11 


Total 100.18 


Serpentine  when  compact  may  be  easily  carved  and  will  usually 
receive  a  high  polish.  When  of  good  color  it  is  used  for  ornaments  and 
interior  decorations.  This  is  especially  true  when  the  serpentine  occurs 
mixed  with  limestone,  forming  verde  antique,  which  is  frequently  used 
as  a  decorative  marble. 


No.  146.  Magnetite. 

(From  Port  Henky,  Essex  County,  New  York.    Described  by  W.  S.  Baylky.) 

No.  146  is  a  specimen  of  one  of  the  magnetite  ores  from  the  Mineville 
group  of  mines  in  Moriah  Township,  Essex  County,  New  York.  Tiie 
rock  is  mainly  a  coarsely  granular  aggregate  of  heavy,  black,  lustrous 
magnetite,  which  constitutes  the  larger  portion  of  the  specimen,  a 
smaller  proportion  of  reddish-brown  grains  of  apatite,  and  a  very  few 
grains  of  a  white  substance  that  effervesces  with  acid.  The  latter  is 
evidently  calcite.  When  the  thin  section  is  viewed  against  a  back- 
gronnd  of  white  paper,  a  fourth  component  is  detected  in  the  shape  of 
irregular  grains  of  a  dark  green  color.  These  when  examined  under 
the  microscope  are  discovered  to  be  pyroxene. 

The  specimen  is  a  good  example  of  the  magnetite  ores  formerly  so 
extensively  worked  in  New  York.  According  to  the  Report  of  the 
Eleventh  Census,  the  quantity  of  this  ore  mined  in  1889  was  927,263 
tons.^  Since  this  time  the  quantity  has  materially  decreased,  in  conse- 
quence of  the  increased  production  of  hematite  in  the  Lake  Superior 
region,  until  in  1894  it  amounted  to  only  196,436  tons.^    Samples  of 


'  Report  on  the  Mitieral  IndustrieH  of  the  Uuited  States  at  the  Eleventh  Census,  1890.    Washington, 
1892,  p.  7.    Cf.  also  phite  o]t\K.  p.  L"J. 
^Sixteenth  Ann.  Kept.,  U.  S.  Geol.  Survey,  Pt.  Ill,  p.  200. 
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tlie  ore  taken  from  tbe  stock  piles  at  the  shipping  docks  of  the  Port 
Henry  Ore  and  Iron  Company,  at  Port  Henry,  New  York,  upon  analysis 
yielded:  Fe,  61.39  \^r  cent;  P,  1.496  per  cent;  Ti02,  small  percentage.^ 
The  ore  is  non-Bessemer.  Acxording  to  Kemp^  it  occurs  as  irregular 
flattened  lenses  that  are  usually  associated  with  gneisses.  In  general 
the  long  axes  of  the  lenses  run  parallel  to  the  foliation  in  the  gneisses. 
These  latter  rocks ^  are  aggregates  of  quartz,  orthoclase,  microline, 
pyroxene,  biotite,  hornblende,  and  microperthite.  Near  the  ore  bodies 
the  rock  is  darker  than  elsewhere.  It  here  consists  essentially  of 
plagioclase,  green  hornblende,  green  augite,  and  a  little  magnetite  and 
sphene.  Above  the  gneisses  and  younger  than  them  is  a  series  of  crys- 
talline limestones  together  with  gneissoid  and  schistose  rocks,  among 
which  black  garnetiferous  and  hornblendic  varieties  are  most  promi- 
nent. There  is  no  marked  stratigraphic  break  between  the  gneisses 
and  the  overlying  series  of  limestones  and  schists,  both  of  which  may 
correspond  to  the  Grenville  series  of  Canada,  regarded  by  Adams'^  and 
the  other  Canadian  geologists  as  upper  Laurentian  and  by  Van  Hise^ 
as  Algonkian. 

Ore  occurs  in  both  the  gneissic  and  the  limestone  series,  that  repre> 
sen  ted  by  the  specimen,  as  already  stated,  being  in  the  former.  The 
gneisses  are  so  much  contorted  that  no  structure  has  yet  been  made  out 
for  them  and  their  contained  ore  bodies.  As  for  the  origin  of  the  ores, 
this  also  is  obscure.  Kemp^  states  that  ^'  no  segregative  agency,  strictly 
so  called,  could  have  occasioned  them,  and  some  other  method  of  origin 
must  be  invoked."    But  what  this  method  is  he  does  not  state. 

Under  the  microscope  the  thin  sections  of  the  ore  show  the  presence 
of  magnetite,  green  pyroxene,  apatite,  calcite,  and  pyrite.  The  mag- 
netite and  pyrite  are  both  opa<iue.  They  may  easily  be  distinguished 
by  the  blue- black  color  of  the  former  and  the  brassy  coI(h*  of  the  latter 
in  incident  light.  The  magnetite  is  in  large  irregular  grains  in  the 
spaces  between  which  are  triangular  areas  of  pyrite. 

The  apatite  is  in  large,  colorless  grains  with  rounded  outlines.  It 
possesses  an  indistinct  cleavage  parallel  to  which  is  the  extinctioD. 
The  brown  color  of  the  mineral  as  seen  in  the  hand  specimen  is  due  to 
the  dissemiuation  through  it  of  thousands  of  small  inclusions,  among 
which  are  numerous  plates  of  hematite  that  may  be  recognized  by 
their  red  color.  Among  the  other  inclusions  may  be  seen  grains  of 
magnetite,  liquid  inclosures,  and  hundreds  of  tiny  specks  whose  nature 
can  not  be  determined.    They  maybe  included  together  as  "dust." 


'  Iron  Ores  of  the  Uiiitetl  States :  Report  of  tlie  Tenth  Census,  Vc  1.  XV,  p.  112. 

'J.  F.  Kemp,  CrystalUue  limestones,  ophicalcites  and  associaled  schists  of  the  Bastem  Adiron- 
dacks:  Bull.  Geol.  Soc.  America,  Vol.  VI,  1895.  p.  241. 

■J.  F.  Kemp,  The  Geology  of  Moriah  and  Westport  Townships,  Essex  County,  New  York:  Bull. 
N.  Y.  SUte  Mnsenm,  Vol.  III.  No.  14,  September,  1895,  ]».  325. 

*  F.  D.  Adams,  On  the  typical  Laurentian  area  of  Canada :  Jour.  Geol. ,  Vol.  1, 1893,  p.  325. 

*C.  R.  Van  Hisc,  Principles  of  North  American  Pre-Cambrian  Geology :  Sixteenth  Ann.  Kept.  U.  S. 
GeoL  Survey.    Washington,  1894-9a,  PL  I,  p.  767. 

«BiiU.  N.  Y.  SUte  Museum,  Vol.  lU,  No.  4.  p.  342. 
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From  their  arrangement  parallel  to  the  cleavage  it  may  be  assumed 
that  some  of  tbem  are  of  secondary  origin. 

The  pyroxene  is  a  very  compact,  green  variety,  which  in  thick  section 
is  almost  opaqne.  In  thin  section  it  exhibits  a  well-marked  pleochroism 
in  emerald-green  and  grass-green  tints.  Because  of  its  pleochroism 
this  angite  at  first  sight  resembles  hornblende.  It  may,  however,  easily 
be  distinguished  from  this  mineral  by  the  rectangular  cleavage  in  cross 
sections  and  by  the  high  extinction  angles  (over  40°)  observed  in  longi- 
tadinal  sections.  As  a  rule,  the  mineral  is  in  irregular  grains,  which 
may  surround  grains  of  apatite,  but  occasionally  it  is  in  partially  idio- 
morphic  crystals,  when  it  is  apparently  surrounded  by  magnetite.  The 
order  of  crystallization  in  the  rock  appears  to  be  apatite,  augite,  mag- 
netite, pyrite.  All  the  irregular  grains  of  augite  arelsrossed  by  ramify-, 
ing  veins  of  white  calcite,  whose  directions  appear  to  be  quite  independ- 
ent of  the  direction  of  the  mineral  cleavages.  They  were  probably 
formed  by  infiltration  after  the  remainder  of  the  rock  had  assumed  its 
present  condition. 

The  composition  of  the  ore  suggests  the  possibility  of  its  origin  by 
secretion  from  some  eruptive  magma,  like  the  titaniferoas  ores  asso- 
ciated with  the  gabbros  of  the  Lake  Cham  plain  district  in  New  York* 
and  those  on  the  periphery  of  the  great  gabbro  mass  in  northeastern 
Minnesota.^  No  ix)sitive  evidence  on  this  question  is  yet  available. 
The  New  York  magnetites  are  similar  in  many  respects  to  the  mag- 
netites that  have  been  so  long  mined  in  New  Jersey. 

RESIDUAL  ROCKS. 

No.  147.    Eesidual  Sand  of  Granite. 

(From   District  of   Columbia,  about  3  Miles  Northwest  of  Washington. 

Described  by  G.  P.  Merrill.) 

Rock- weathering  is  a  purely  superficial  phenomenon,  brought  about 
through  agencies  that  are  in  part  physical  and  in  ])art  chemical  in  their 
nature.  The  chief  physical  agencies  are  expansion  and  contraction 
among  the  mineral  particles  owing  to  temperature  changes,  and  the 
expansion  and  consequent  rending  action  of  absorbed  water  passing 
into  the  condition  of  ice.  The  cbemical  agencies  are  those  comprised  in 
the  processes  of  oxidation,  hydration,  and  solution,  though  many  minor 
reactions  doubtless  take  place.  Hydration  without  loss  of  materials 
involves  expansion,  and  hence  an  incidental  physical  agency  is  brought 
in  play. 

Kock-weatliering  manifests  itself  in  a  variety  of  ways,  much  depend- 
ing on  the  character  of  the  rock  masses  and  the  prevailing  climatic 
conditions. 


« J.  F.  K.-mj. :  Bull.  N.  V.  Stato  Mus..  Vol.  Ill,  No.  14.  p.  351. 

AV.  S.  I'.Myliv,  The  peripheral  i>liaae8  of  the  great  gabbro  mass  of  northeastern  Miimeaota:  Jour. 
Geol,  Vol.li.pp.  81C-<i25. 
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The  altimate  product  of  extreme  weathering  of  any  but  purely  quartz- 
086  rocks  is  almost  invariably  a  highly  ferruginous  clay.  This  for  the 
simple  reason  that  of  all  substances  forming  any  appreciable  portion  of 
rocks,  the  aluminous  silicates,  free  silica,  and  iron  oxides  are  the  more 
refractory,  and  hence  are  left  to  accumulate  as  residuary  materials, 
while  the  more  soluble  constituents  are  removed  in  solution.  The  pro- 
portional amount  of  material  actually  lost  by  leaching  in  the  reduction 
of  a  rock  mass  to  the  condition  of  a  soil,  or  residual  clay,  is  necessarily 
widely  variable.  Among  calcareous  rocks  it  may  amount  to  even 
upward  of  99  per  cent.  Among  siliceous  rocks,  however,  the  amount 
of  soluble  matter  is  vastly  less,  and  the  amount  lost  by  purely  chemical 
agencies  rarely  exceeds  50  per  cent.^ 

The  series  of  weathered  products  here  described  have  been  selected 
with  a  view  of  illustrating  not  merely  the  characteristic  form  of  weath- 
ering, but  also  the  fact  that  among  granular  crystalline  rocks,  as  the 
granite  from  the  District  of  Columbia  and  the  diabase  from  Medford, 
Massachusetts,  the  beginnings  of  weathering  are  more  in  the  nature  of 
disintegration  than  decomposition.  These  two  cases  are  also  of  furtber 
interest  in  that  we  are  apparently  enabled  to  set  a  time  limit  to  the 
weathering,  tbe  first  mentioned  being  judged  as  largely  post-Cretaceous 
and  the  last  post-Glacial. 

Materials  of  the  nature  here  described  are  subject  to  considerable 
variation,  and  the  descriptions  given  must  be  accei)ted  hs  descriptive 
of  the  general  results  produced  rather  than  as  definitely  applicable  to 
any  particular  sample. 

The  fresh  rock,  illustrated  by  the  small  fragment  in  the  box  with  the 
residual  sand,  No.  147,  is  a  strongly  foliated  micaceous  granite,  the 
foliation  being  secondary  and  due  to  dynamic  causes.  In  its  fresh 
state,  it  will  be  observed,  it  consists  of  a  finely  granular  aggregate  of 
quartz  and  feldspars  arranged  in  imperfect  lenticular  masses  from  2  to 
6™"  in  diameter,  about  and  through  which  are  distributed  the  abundant 
folia  of  black  mica.  In  the  thin  section  the  structure  is  cataclastic; 
that  is  to  say,  the  various  minerals  of  which  it  is  composed  have,  since 
their  formation,  been  more  or  less  shattered  and  distorted  through 
dynamic  agencies  acting  upon  the  rock  mass  of  which  they  form  a  part. 
Quartz  and  black  mica  are  the  most  prominent  constituents,  though 
there  are  abundant  feldspars  of  both  i^otash  and  soda  lime  varieties. 
In  addition  to  these  are  abundant  accessory  epidotes,  a  few  small 
apatites,  flakes  of  white  mica  (sericite),  and  widely  scattering  black 
tourmalines,  with  the  usual  sprinkling  of  iron  ores. 

Within  a  space  of  15  vertical  feet,  as  displayed  in  the  road  cuttings, 
this  rock  passes  from  its  fresh  and  unchanged  condition  into  that  of  a 
sandy  soil,  upon  which  trees,  shrubs,  and  a  variety  of  flowering  plants 
are  growing.    The  change  is  quite  gradual,  the  rock  becoming  first 


iFor  a  more  detailed  discussion  of  the  subject  see  Bocks,  Hook- weathering,  and  Soils,  by  George  P. 
Merrill,  The  MacmlllaQ  Company,  l^ew  York,  1807. 
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browned  liirough  the  oxidation  of  the  mica  and  oltimately  losing  its 
roG^like  character  altogether  on  the  immediate  surface.  The  zone  of 
disintegrated  material  is  rarely  more  than  2  or  3  feet  in  depth  at  the 
point  wfa^e  these  samples  were  collected,  though  where  the  material 
has  not  been  subject  to  erosion  it  has  aecamulated  to  depths  of  upward 
of  50  feet. 

The  residuary  material  (No.  147),  when  submitted  to  mechanical 
separation^  yielded  results  as  below: 

Meokanioal  anal^ms  «/  reatdnoZ  aand  of  fframte. 


SUt... 

Fine  Band.. 

Band 

Sand 

Sand 

Sand 

Coarse  sand 
Gravel 

Totel 


Per  cent. 

Diameter 

of  largest 

grain. 

mm 

4.25 

0.10 

6.50 

.18 

11.25 

.25 

3.75 

.66 

11.00 

LOO 

23.50 

1.50 

29.50 

2.00 

10.25 

8.00 

100.00 

The  coarser  of  these  particles,  like  the  gravel  and  the  coarse  sand, 
are  of  a  compound  nature,  being  aggregates  of  quartz  and  feldspar, 
with  small  amounts  of  mica  and  other  minerals.  In  the  finer  material, 
on  the  other  hand,  the  process  of  disaggregation  has  gone  so  far  as  to 
largely  free  each  individual  from  its  associates,  excepting  of  course  in 
the  case  of  microscopic  inclusions,  which  could  be  liberated  only  by  a 
complete  disintegration  of  the  host  itself.  These  particles,  as  seen 
under  the  microscope,  are  all  sharply  angular  and  in  many  cases  quite 
fresh  and  undecomposed.  The  mica  shows  the  greatest  amount  of 
alteration,  the  change  consisting  mainly  in  an  oxidation  of  its  fer- 
raginous  constituent,  whereby  the  folia  become  stained  and  reduced  to 
yellowish-brown  shreds.  The  feldspars  are  in  some  cases  opaque 
through  kaolinizatiou,  but  in  others  are  still  fresh  and  unchanged  even 
in  the  smallest  particles.  The  finest  silt,  when  treated  with  a  dilute 
acid  to  remove  the  iron  stains,  shows  the  remaining  granules  of  quartz, 
feldspar,  and  epidote  beautifully  fresh,  and  with  sharp  angular  borders, 
the  mica  being,  however,  almost  completely  decolorized,  and  resembling 
sericite  more  than  biotite. 

The  chemical  changes  which  have  taken  place  in  the  process  of 
breaking  down,  or  weathering,  are  shown  in  the  following  table,  in 
which  the  original  analyses  have  been  recalculated  on  a  basis  of  100. 
In  columns  3,  4,  and  5  are  given  calculations  showing  the  percentage 
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mniouiits  of  tiie  entire  rock  and  of  each  of  the  original  constitaeBts 
removed  by  the  leachiug  action  of  water  daring  the  transformation. 

Analyses  of  fresh  and  disintegrated  granite  from  the  District  of  Columbii . 


Constitaents. 


PerceDt- 

frofih 
granite. 


Percent- 
age of 

reaidaal 
•and. 


SlOj , «9.«1 

AljOj 14.39 

TiO, 

Fe,0, 


FeO 

CaO 

MgO 

Na,0 

K,0 

P.0, 

Ignition  . . . 

Total 


3.61 
3.22 
2.45 
2.71 
2.68 
0.10 
1.23 


65.84 

15.20 

0.31 

4.40 


2.64 
2.65 
2.12 
2.00 
0.06 
4.-72 


■o^m^M^^*     Percent-    Percent- 

aSfw      age  of       age  of 

«vlf  linL  each  con-  each  con- 

iJSr        atituent     atituent 

^^'^'        aaved.        loat. 


10.50 
0.46 


0.00 


0.81 
0.036 
0.77 
0.85 
0.04 
aO.OO 


100.00 


100.00 


13.466 


85.11 
96.77 


14.89 
3.23 


100.00 


0.00 


74.79 
98.51 
71.88 
68.02 
60.00 
a  100. 00 


25.21 
U49 
28.62 
31.98 
40.00 
0.00 


a  Gain. 


Detailed  information,  together  with  an  illustration  showing  the 
locality  from  which  these  samples  were  selected,  may  be  found  in 
Bulletin  of  the  Geological  Society  of  America,  Vol.  VI,  1895,  i)p. 
321-332,  and  in  Eocks,  Kock-weathering  and  Soils,  The  Macmillau  Co., 
New  York,  1897. 

No.  148.  Eesidual  Sand  of  Diabase. 

(Prom  Medford,  Middlesex   County,  Massachusetts.    Des(;riued  by  G.  P. 

Merrill.) 

The  fresh  rock  from  which  this  sand  was  derived,  and  which  is  illus- 
trated by  a  small  fragment  in  the  box,  is  a  coarse,  almost  granular, 
dark-gray  aggregate  of  plagioclase  feldspar,  augite,  and  black  mica, 
with  orthoclase,  apatite,  magnetite,  and  ihnenitein  smaller  proportions, 
and,  as  a  rule,  visible  only  with  the  microscope.  As  secondary  prod- 
ucts occur  hornblende,  chlorite,  quartz,  calcite,  leucoxene,  pyrite,  and 
a  soda-bearing  zeolite. 

The  rock  breaks  down,  giving  rise  to  the  brown  gravel  shown  in  the 
box,  the  change  in  color  being  due  to  tlie  oxidation  of  the  iron  of  the 
ferruginous  silicates.  In  the  natural  outcrops  all  stages  of  weathering 
are  to  be  seen,  sound  bowlder-like  masses  with  only  a  slight  amount  of 
superficial  disintegration  lying  still  in  ])lace  embedded  in  the  brown 
residual  sand.  The  material  analyzed  as  fresh  rock,  and  tabulated 
belowy  was  obtained  from  the  interior  of  one  of  these  bowlders.    The 
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rNdaarj  wmmd  whtn  sabnncd  to  BeckiAical  mBalfs»  jMd^  resalts 


T  soi iL<efi»c*t-* i.a 

»  FiMiOK iLfl  t*CM&-« JlJT 

»  Cfay _ -  iL«5i»C«ll"" -  LIT 

m  LmmMIMP  - _ «.« 

U  IcaitMa L^X 


Cooccmnig  these  aeparatkmay  It  should  be  staled,  those  re|M^esented 
hj  Xos.  1  and  2  are  plainlj.  even  to  the  unaided  eje«  of  a  eompoand 


what  dttcolored  bj  iroo  ozide& 

!^o.  3  shows  particles  of  Mdspar,  aa^te,  and  mica  £urlj  weR  disag- 
gregated, though  even  here  manj  of  the  granules  are  comiioaiHi.  No. 
4  difiers  mainly  in  being  finer  and  of  a  lighter  coUk^.  while  No.  a«  of  a 
rich  mahogany  brown  color,  appears  to  the  onaided  eve  to  be  ckhd  posed 
maiulj  ci  mica  ^^cales.  The  microscope,  however,  shows  it  to  contain 
Domeroos  badlv  stained  bat  quite  fresh  feldsp^ithic  particles  aud  cleav- 
age flakes  of  augite.  Xo.  6.  the  particles  of  which  lie  between  0.1  and 
Vil5"'"  in  diameter,  shows  also  only  minute  flecks  o(  mica  recognizable 
maeroscopicallyf  but  contains  both  feldspathic  and  aogitic  particles 
like  Xo.  5,  while  Nos.  7  and  8  are  deep  ocheroas-brown  silts^  offering  no 
distinctive  features  to  the  unaided  eye.  and  No.  9  would  p  iss  for  a  light- 
brown  ocher.  The  material  analyzed  as  silt  i  columns  a«  d.  and  7  below  \ 
is  the  equivalent  of  numbers  7,  ^  and  9  of  this  series. 
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The  cbemical  changes  which  have  taken  plare,  together  with  calcn- 
lations  made  as  before,  are  shown  iu  the  acconipauying  tables: 

Analyses  of  fresh  and  disintegrated  diabase  from  Medford. 


ConstitnentB. 


Fresh  diabase. 


1. 

Hulk 

analysis. 


fin  HCl     \ 

SiO..{.    ^    ^    }■-..  47.28 

AI.O3 20.22 

Fe^O, j  8.M 

FeO 8.89 

CaO '  7.09 

MgO I  3.17 

MnO 0.77 

K,0 2.18 

Na,0 3.94 

P,0» 0.68 

Ignition 2.73 


100.59 


2. 

Analynis 

of  portion 

soluble  in 

HCl  and 

Na,Cos. 


1.19 
9.88 
4.74 

10.91 

3.09 
2.20 

not  det. 
1.21 
0.50 

not  det. 
2.73 


Disintegrated  dia- 
Mse. 


3. 

Bnlk 

analysis. 


38.23 


99.81 


4. 

Analysis 

of  portion 

soluble  in 

HCl  and 

Na^Co,. 


44.44 

23.19 

12.70 

8.03  ' 

2.82 

0.52 

1.75  ! 

3.93 

0.70 

3.73  i 


{ 


0.85 
8.85 
4.86 

10.00 

1.60 
1.84 

not  det. 
0.68 
0.17 

not  det. 
3.73 

82.28 


Silt  trom  disintegrated  dia- 
base, DumbvrM  7;  8,  and  9  of 
table,  on  p.  380. 


5. 

Per  cent 

soluble  in 

HCl  and 

NasCoj. 


0.47 
22.63 
21.98 

12.83 

8.32 
3.23 

not  det. 
1.30 
0.90 

not  det. 
10.88 


6. 
Per  oent 
insoluble 

in 
HCl  and 
NajCos. 


} 


13.51 


77.52 


22.17 


7. 
Total. 


36.61 

40.68 

3.44 
4.02 
not  det. 
1.82 
2.14 


10.97 


99.  C8 


Calculated  loss  of  material. 


Recalculated  on 
banis  of  100. 


Constituents. 


SiO,..-. 
A1,0,... 
Fe,0,... 
FeO  .... 
CaO  .... 
MgO.... 
MnO.... 

KjO 

Na,0  ... 
P,0..... 
Ignition 


8. 
Fresh  dia- 
base. 


47.01 
20.11 
3.63 
8.83 
7.06 
3.15 
0.77 
2.14 
3.91 
0.68 
2.71 


100.00 


0. 

Deconi- 

i>oh(m1 

diabase. 


44.51 
23.24 

12.71 

6.04 
2.85 
0.52 
1.75 
3.94 
0.70 
3.74 


100.  UO 


10. 
Percent- 
age loss 
for  entire 
rock. 


8.48 
0.00 

2.42 

1.83 
0.6ri 
0.32 
0.63 
0.50 
0.08 
a  0.53 


11. 
Per»*ent- 

age  of 

eaclcon- 

Mtituent 

saved. 


12. 
Penrent- 
I    age  of 
eucli  con- 
stituent 
lost. 


81.97 
100.00 

81.90 

74.11 
78.30 
58.43 
70.85 
87.17 
88.61 
&  100.  00 


14.93 


18.03 
0.00 

18.10 

25.80 
21.70 
41.57 
29.15 
12.83 
11.39 
0.00 


a  Gain. 


frThe  calculation  gives  119.49  per  cent,  showing  that  a  gain  in  volatile  matter  is  to  be  expeotc>d. 

From  these  tables  it  appears  that  the  process  of  decomposition  has 
gone  on  more  extensively  than  was  the  ease  with  the  granite  described 
above,  though  the  mechanical  disintegration  is  not  as  great.    Tbi&  tft 
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due  to  the  fact  that  soda-lime  feldspars  are  more  readily  attacrked  than 
the  potash  variety,  and  also  to  the  abundance  of  iron-ri(;h  silkrates,  a8 
black  mica,  augite,  and  hornblendes,  which  are  also  susceptible. 

It  is  evident  that  the  decomposition  has  been  accompanied  by  a  leach- 
ing process,  since,  as  shown  in  column  10,  some  14.93  per  cent  of  the 
entire  rock  mass  has  been  thus  carried  away. 

Of  the  material  classed  as  silt  in  columns  5,  6,  and  7,  or  as  silt  and 
clay  in  the  table  on  p.  380,  and  which  constitutes  only  some  3,1 7  i)er  cent 
of  the  entire  residue,  77.87  per  cent  is  soluble  in  dilute  hydrochloric 
acid  and  sodium  carbonate  solutions.  The  insoluble  portion,  constitut- 
ing 22.13  per  cent  of  the  silt,  consists  of  unaltered  feldspar,  and  iron, 
lime,  and  magnesian  silicates,  which  are  easily  recognizable  under  the 
microscope  in  minute,  sharply  angular  particles. 

More  detailed  information  concerning  this  rock  and  the  residual 
products  of  its  weathering  may  be  found  in  the  following  publications: 
On  the  petrographic  characters  of  a  dike  of  diabase  in  the  Boston 
Basin,  by  W.  H.  Hobbs:  Bull.  Museum  of  Comparative  Zoology,  Vol. 
XVI,  No.  1,  1888;  and  Disintegration  and  decomposition  of  diabase  at 
Medford,  Massachusetts,  by  George  P.  Merrill :  Bull.  Geological  Society 
of  America,  VoL  VII,  1896,  pp.  349-362. 

No.  149.  Eesidual  Clay  of  Feldspathic  Rock.    Kaolin. 

(From    Hockessin,    Newcastle    County,    Delaware.      Described    by  G.    P. 

Merrill.  ) 

The  kaolin  deposits  of  northern  Delaware,  like  those  of  Delaware 
County,  Pennsylvania,  are  the  results  of  the  decomposition  of  highly 
feldspathic  gneisses,  and  to  a  less  extent  of  feldspathic  conglomerates, 
themselves  derived  from  the  gneisses.  As  both  gneisses  and  conglom- 
erates are  here  standing  practically  on  edge,  it  follows  that  from  the 
same  pit  may  be  mined  materials  derived  from  both  sources.  The 
materials  sent  out  in  this  series  are  not  intended  to  contain  any  derived 
from  the  conglomerate. 

The  gneisses  carry  in  addition  to  quartz  and  feldspar  both  white 
and  black  mica.  As  the  feldspars  decompose  the  black  mica  also 
yields  to  the  decomposing  agencies,  and  the  resultant  clay,  from  both 
minerals,  is  variously  stained  and  colored  by  the  oxidation  of  the  iron. 
Where  the  mica  has  been  very  abundant  the  staining  has  gone  on  so 
extensively  as  to  ruin  the  day  for  high  grade  ware.  Sample  149  shows 
the  material  as  taken  from  the  pits.  Before  it  was  broken  thegneissoid 
structure  was  still  in  some  cases  discernible. 

The  kaolin  used  in  the  manufac^ture  of  pottery  is  obtained  from  this 

crude  material  by  a  i)roces8  of  washing,  whereby  the  larger  fragments 

of  quartz  and  still  undecomposed  feldspars  and  a  portion  of  the  mica  are 

removed.    The  purest  kaolin,  as  obtained  by  this  process,  still  carries 

y^rticles  of  feldspar  in  all  stages  of  decomposition  and  many  minute 


DiLUR.]        NO.  149,  RESIDUAL   CLAT   OF  FELDSPATHIO    ROCi:. 


383 


sbreds  of  white  mica  and  a  little  qnartz.  The  iiidividaal  particles  of 
this  kaolin  are  extremely  irregular  in  oatline,  and  so  far  as  observed 
never  show  the  rhombic  and  rhomboidal  crystal  outlines  characteristic 
of  true  kaolinite.  The  crude  material,  when  washed  in  water,  yields 
many  fragments  of  qnartz,  which  are  badly  shattered  and  extremely 
irregular  in  outline,  but  which  rarely  show  the  clear  glass-like  fracture 
and  brilliant  polarization  colors  so  characteristic  of  either  vein  quartz 
or  the  quartzes  of  granites  and  gneisses.  On  the  contrary,  the  sur- 
faces are  dull,  and  by  reflected  light  whitish,  or  glassy  only  in  spots,  the 
appearance  being  that  of  quartzes  etched  by  alkaline  solutions,  and 
which  in  this  case  was  doubtless  produced  by  the  action  of  the  carbon- 
ates of  potash,  formed  during  the  process  of  feldspathic  decomposition. 
A  mechanical  analysis  of  this  washed  kaolin,  made  under  the  direc- 
tion of  Milton  Whitney,  of  the  Department  of  Agriculture,  yielded 
results  as  below : 


Mechanical  analytia  of  washed  kaolin. 


Name. 


Grayel 

Coarse  sand 

Medium  Mnd 

Fine  sand 

Very  fine  sand 

Silt 

Fine  silt 

Clay 

Moisture  in  air-dry  material, 
Ignition 


Diameter  of 
particles. 


2  tol 

1  to  0.5 

0.5  toO.25 

0.25  too.  1 

0.1  to  0. 05 

0.05  to  0.01 

0.06  to  0.005 
0. 005  to  0. 0061 


Per  cent. 


0.00 
0.00 

aoo 

0.00 

0.00 
30.86 

7.31 
47.78 

0.40 
11.40 


A  chemical  analysis  of  this  same  washed  kaolin  yielded  results  as 
below.  Although  these  results  are  approximately  like  those  of  kaolins 
as  given  by  Dana  (System  of  Mineralogy,  Gth  ed.,  1893),  the  microscope 
shows  the  material  to  be  far  from  uniform  in  composition  but  to  still 
carry  abundant  crystalline  particles,  as  quartz  granules  and  shreds  of 
still  undecomposed  feldspars.  It  is  to  the  presence  of  this  free  quartz 
and  the  undecomposed  silicates  that  is  due  the  high  total  percentage  of 
silica  and  the  small  amounts  of  lime,  magnesia,  and  the  alkalies  shown. 

The  more  striking  features  brought  out  by  the  analysis  are  the 
almost  entire  disappearance  of  the  alkalies  and  the  assumption  of  over 
12  per  cent  of  water. 
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AualysU  of  kaolin. 


Total !    100.81 


No.  160.  Residual  Clay  of  Limestone. 

(From  Staunton,  Augusta  County,  Virginia.    DbscRiBBD  by  G.  P.  Merrill.) 

The  fresh  rock  is  a  dense,  dark-gray,  highly  siliceous  magnesian 
limestone,  showing  under  the  microscope  a  very  fine  granular  aggre- 
gate of  calcite  granules  and  rhombs,  but  which  are  so  muddied  by 
included  impurities  as  to  be  scarcely  transparent,  and  of  a  lead-gray 
color. 

The  granules  are  not  in  all  cases  contiguous,  but  at  times  separated 
by  opaque  films  of  argillaceous  matter.  They  never  show  the  twin 
structure  so  characteristic  of  the  metamorphic  limestones  and  marbles. 

The  decomposition  of  the  stone  is  almost  purely  chemical  and  con- 
sists in  a  removal,  by  leaching,  of  the  calcium  carbonate,  leaving  the 
less  soluble  silica,  silicates,  and  iron  oxides  to  accumulate  in  the  form 
of  a  deep-red,  highly  plastic  clay,  which  on  drying  becomes  so  indu- 
rated as  to  be  broken  only  with  a  hammer. 

So  abundant  is  the  iron  oxide  that  the  residual  material  is  stained 
almost  beyond  recognition,  and  it  is  only  when  it  is  first  boiled  in 
dilute  hydrochloric  acid  to  remove  the  iron  that  it  can  be  studied  at 
all  satisfactorily.  When  thus  treated  and  submitted  to  microscopic 
examinations,  it  is  found  to  consist  mainly  of  very  irregularly  rounded 
and  angular  quartz  fragments,  which  are  more  or  less  corroded  and 
unmistakably  of  clastic  origin;  i.  e.,  they  existed  in  the  limestone,  not 
in  the  form  of  particles  crystallized  in  place,  but  as  mechanically 
included  detritus  formed  from  the  breaking  down  of  preexisting  sili- 
ceous rocks.  Particles  of  feldspars,  some  of  which  show  twin  band- 
ings, are  also  present,  and  more  rarely  are  found  shreds  of  white 
and  black  mica,  chlorite,  epidote  (f),  and  very  rarely  a  minute  but 
very  perfectly  preserved,  doubly  terminated,  colorless  crystal  with 
£orjo8  characteristic  of  rutile.    Both  quartzes  and  feldspars  are  rough 
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and  corroded,  though  even  the  plagioclase  feldspars  are  still  in  many 
cases  sufficiently  fresh  to  show  twin  stria*. 

Analyses  of  the  fresh  rock  and  its  residual  clay,  together  with  the 
portions  soluble  and  insoluble  in  hydrochloric  acid  and  sodium  car- 
bonate solutions,  made  by  George  Steiger,  of  the  Geological  Survey, 
gave  results  as  tabulated  below : 

Anaiyaes  of  fresh  siliceous  limestone  and  its  residual  clay^from  near  Staunton,  J'irffinia. 


Fresh  limestone. 


Residual  elay. 


Iiisoln-       No.  1.         T^+ai 
ble.         Soluble.       ^^^**' 


Insolu-        No.  2.     I    rj,  .  , 
ble.         Soluble.       ^**'*'- 


Si(>, 

TiO, 

AljO, 

Fe,0, 

FeO 

MnO 

CaO 

MgO 

KjO 

Na,0 

Water  100—. 
Water  100+ 

P,0, 

CO, 

Organic 

Total. 


Per  cent. 

6.98 

.0J» 

1.39 

.25 

none. 

none. 

.04 

.15 

.91 

.04 

undet. 

.15 

none. 

none. 

undet. 


10.00 


Per  cent. 

Per  cent. 

Per  eeiit. 

Per  cent. 

Per  cent. 

0.39 

7.37 

52.  81 

3.09 

55.90 

none. 

.09 

.16 

.04 

.20 

.53 

1  92 

15.96 

3.96 

19.92 

.04 

.29 

1.05 

0.25 

7.30 

.63 

.63 

.09 

.30 

.39 

none. 

none. 

none. 

none. 

none. 

28.39 

28.39 

.20 

.30 

.50 

18.15 

18.  30 

.75 

.43 

1.18 

.18 

1.09 

4.51 

.28 

4.79 

.05 

.09 

.03 

.20 

.23 

undet. 

.09 

undet. 

undet. 

2.54 

.34 

.49 

4.42 

2.10 

6.52 

.03 

.03 

.06 

.04 

.10 

41.85 

41.85 

none. 

.38 

.38 

uiulet. 

undet. 

90.58 

1U0.63 

80.04 

17.37 

99.95 

SiO^  disHolved  by  first  treating  with  HCl  (110)  on  water  bath  for  one  hour,  then  with  a  5  ]»er  cent 
solution  of  Na,C0s;  No.  1,  1.09  per  cent;  No.  2,  4.73  per  cent. 
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No.  151.  Spheroidal  Weathering  in  Igneous  Rocks. 

(From  Rosbbuug,  Douglas  County,  Oregon.    Described  liv  .J.  8.  Dilijer.) 

All  rocks  exposed  upon  tlie  surface  of  the  earth  are  subject  to 
meteorologic  changes  which  tend  to  their  destruction.  The  change 
of  material  under  these  conditions  has  been  fully  considered  by  Mr. 
Merrill  in  connection  with  the  residual  rocks,  Nos.  147  to  150.  It 
remains  to  notice  some  of  the  morphological  features  developed  in 
the  course  of  this  rock  destruction. 

The  development  of  the  larger  topographic  features  incident  to  the 
degradation  of  the  land,  the  carving  of  canyons,  plateaus,  and  moun- 
tains, and,  finally,  the  reduction  of  the  whole  to  featureless  i)lain8, 
are  subjects  wholly  within  a  department  of  geology  which  takes  little 
cognizance  of  the  kinds  of  rocks,  and  may  not  be  discussed  here;  but 
there  are  certain  minor  surface  features  developed  in  the  larger  process 
BulL  150 25 
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that  can  be  illustrated  by  hand  specimens.    The  first  of  these  to  be' 
noted  is  the  spheroidal  weathering:  of  igneous  rocks. 

This  peculiar  feature  is  illustrated  in  PI.  XLVI.^  The  ledge  is  com- 
posed of  an  igneous  rock  which,  when  it  cooled  and  solidified,  cracked 
and  became  permeated  by  numerous  fissures.  The  rain  water  oiioii- 
lates  through  these  fissures,  and  all  portions  of  the  rock  above  drainagik 
level  are  exposed  essentially  to  the  weathering  conditions  of  the  mu^ 
face.  Fissures  in  rocks  may  originate  in  other  ways  than  by  contraO" 
tion  on  the  loss  of  heat.  They  may  be  developed  by  earth  movementi^ 
and  to  this  class  probably  belong  the  fissures  in  the  figure  abom 
They  were  produced  long  after  the  rock  solidified. 

Owing  more  especially  to  the  solvent  action  of  the  water  circalatinc 
in  the  fissures,  each  block  bounded  by  them  is  exjiosed  to  external 
attack  of  meteorologic  agents  from  all  sides.  The  attack  of  the  deoom- 
l)osing  and  disintegrating  infiuences,  since  they  act  upon  or  throag^ 
the  exposed  surface,  must  be  proportional  to  the  extent  of  that  sar- 
face.  The  sphere  has  a  smaller  extent  of  surface  in  proportion  to  its 
volume  than  any  other  form,  and  is  therefore  the  most  stable  form 
under  external  attiiek.  The  angular  fragments  of  an  exposed  igneoos 
rcM'k  are  subject  to  severer  attack  than  the  same  volume  would  receive 
if  spherical.  The  angles  afibrd  a  special  opportunity  for  attack,  and 
as  a  result  are  weathered  off  more  rapidly  than  the  other  portioniai 
thus  ri'ducing  the  angular  blocks  to  spheroidal  ones.  As  the  weather^ 
ing  proceeds  from  without  and  depends  ui)on  the  oscillating  snrfoce 
conditions,  the  eifect  is  coiicentric^  and  the  mass  is  divided  into  a  series 
of  shells  which,  under  conditifuis  afibrding  transportation,  break  away, 
exposing  the  si)herical  surface,  as  seen  in  Plate  XLVI. 

Specimen  151  is  a  nodule  from  an  exposure  of  weathered  igneous  rock 
near  Koseburg,  Oregon.  It  is  diabase,  whose  eruption  occurred  prob- 
ably during  the  Eocene.  Large  masses  of  it  are  exposed  in  the  Bose- 
buig  region,  and  most  of  them,  where  deeply  weathered,  show  the 
devcloi)in(»nt  of  s])her()idal  forms  to  a  greater  or  less  extent.  While 
such  forms  in  the  Eoseburg  diabase  are  generally  developed  by  weather- 
ing along  fissures,  as  already  exi)lained,  it  is  possible  that  in  some 
localities  of  the  sanle  region  they  may  have  resulted  from  the  manner 
of  its  eru])tiK>n,-  a«  explained  by  F.  Leslie  Kausome  for  spheroidal 
structure  in  similar  rocks  near  8an  Francisc). 

This  sort  of  weathering  of  igneous  rocks,  although  most  commonly 
exhibited  by  basic  erui)tives,  basalts,  and  diabases,  occurs  also  in 
felsites,  as  noted  by  Oeikie,' and  in  granites,  good  examples  of  which 
have  re<ently  been  ])ointed  out  by  Mr.  i\  K.  Keyes.* 

These  s])heroids  are  sometimes  of  large  size,  and  by  the  gradual 
erosion  of  the  surrounding    rock  they  are  left  u])on  the  surface  as 

'  Pl.ito  roph-a  fniin  l-'ifricnth  Auiiiml  Il»'i»ort  T'.  S.  (it-ol.  Siirvj^y.  V\.  XLIII. 
='Kriiiitiv«'  IIiK'ks  of  lN»iii}  IJouita:  Hull.  riiivi-rMil y  of  California,  Vol.  I,  pp.  110-114, 
''l'i\t  l5«K>k  of  <  Molo^v    :iil  ««1  ti  »u.  i».  "91. 
■•riftiM-ntli  Ann.  iUvX.  I".  S.  (icol.  Surv«*\ .  p.  72o. 
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bowlders  of  disiutegration.      Such  bowldors  are  common  in   many 
regions,  especially  of  granular  igneous  rocks. 

The  problem  presented  by  nodules  resulting  from  external  attack 
has  been  mathematically  solved  in  all  its  relations  by  Dr.  George  F. 
Becker^  and  applied  not  only  to  the  spheroidal  weathering  of  rocks, 
but  also  to  the  formation  of  pebbles. 

No.  152.  Spheroidal  AVbathering  in  Shale. 

(Fkom  Dry  Crrrk,  Shasta  County,  California.    Dkscribed  by  J.  8.  Dillkr.) 

This  shale  is  of  lower  Cretaceous  ago,  and  is  exposed  along  the  shallow 
canyon  of  a  stream  flowing  from  the  Coast  Range  to  the  Sacramento.  It 
dips  eastward  at  a  considerable  angle,  and  is  penetrated  by  numerous 
fissures,  which  give  the  water  ready  ac<!ess  to  its  mass.  The  spheroids 
are  generally  indistinct  in  the  bluff,  but  when  the  shale  is  dug  out,  its 
spheroidal  irsigmeiits  are  often  a  conspicuous  feature,  and  specimens 
such  as  No.  15J  are  abundant.  Their  origin  is  essentially  the  same  as 
that  of  specimen  No.  151. 

The  concentric  shell  or  '-onion"  structure  is  well  marked,  although  not 
perfectly  develi»ped.  It  is  not  e(iually  evident  everywhere  in  the  large 
mass  of  Cretaceous  shale  in  Shasta  and  Tehama  counties.  Some  of  the 
layers  of  these  nodules  contain  a  trace  of  carbonate  of  lime,  and  in 
plnces  calcareous  concretionary  masses  are  abundant.  They  occasion- 
ally contain  fossils. 

No.  l.'>3.  Differential  WEATHERma  of  Impure  Limestone. 

(From  Galena,  Jo  Daviess  County,  Ilijnois.    Describkd  by  J.  S.  Diller.) 

The  two  cases  i)receding  illustrate  the  comparatively  uniform  effect 
of  weathenng  upon  essentially  homogeneous  material,  where  it  gives 
rise  to  a  nearly  even  surface;  but  in  the  case  now  to  be  noted  the 
weathering  develops  surface  differeni!es,  and  may  therefore  be  called 
dift'erential. 

The  weathered  surfaceof  this  limestone  is  very  irregular.  This  irregu- 
larity is  apparently  due,  in  part  at  least,  to  the  impurity  of  the  lime- 
Stone  itself,  which  contains,  according  to  Mr.  Steiger,  1.07  per  cent  of 
insoluble  matter,  irregularly  distributed  throughout  the  ma«s,  render- 
ing it  unequally  sensitive  to  the  attack  of  circulating  waters,  and  thus 
giving  rise  to  the  inequalities  of  surface.  The  surface,  however,  is  not 
smooth,  and  has  no  evident  direct  relation  to  drainage. 

A  surface  of  this  kind,  on  a  large  scale,  is  illustrated  in  PI.  XLyil,^ 
which  shows  a  massive  bed  of  lower  Cambrian  limestone,  eroded  irregu- 
larly by  weathering  beneath  the  soil.  This  irregular  erosion  by  solu- 
tion may  be  due  to  the  unequal  attack  of  the  agents,  rather  than  irregu- 
larity in  the  composition  of  the  limestone.    That  the  latter  had  little 


■ ■ •- 

•  M  on.  V.  S.  OeoL  Survey.  VoL  Xin,  p.  68. 

»  Plat©  copied  ftom  BuU.  U.  S.  Geol.Su\\«v  ^o.  ViV  VJJVYN^, 
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influence  is  indicated  by  the  fact  that  the  h'mestones  generally,  wliorhor 
pure  or  not,  have  an  irregular  weathered  surface  beneath  the  soil.  This 
is  a  conspicuous  feature  of  some  of  the  limestones  laid  bare  by  hydraulic 
mining  upon  the  western  slope  of  the  Sierra  Nevada. 

No.  154.  Differential  Weathering,  Fluted  Limestone. 

(From  Ba.iri>,  Shasta  County,  California.    Described  by  J.  S.  Dillkr.) 

This  limestone  is  exposed  in  large  masses,  making  a  mountain  ridge 
along  the  McGloud  River.  At  many  points  its  surface  bears  i>eculiar 
sniall  ridges  and  intervening  depressions.  In  the  Held  it  is  evident 
that  the  little  valleys  are  lines  of  drainage,  and  it  may  readily  be  con- 
cluded that  they  are  a  form  of  rain  erosion  due  to  the  solvent  action 
of  the  water  rudning  over  the  surface.  An  examination  of  many  ridges 
and  valleys  discloses  no  differences  in  composition  or  structure  to  which 
the  variaMons  in  surface  form  may  be  due.  From  the  fact  that  the 
flutings  are  drainage  lines,  it  appears  that  they  may  be  referred  to  the 
rilling  of  the  water  on  the  surface  of  the  limestone.  Where  the  water 
flows  the  solvent  action  is  most  intense,  and  a  minute  valley  is  formed 
by  solution.  This  form  of  differential  weathering  is  common  upon 
limestone  exposures,  but  is  rarely  so  well  developed  as  in  the  examples 
from  which  specimen  154  was  collected. 

No.  155.  Glaciated  Rock. 

(From  Rociiestkr,  New  York.     Dksckihei)  i»y  (i.  K.  Gilbert.) 

liock  surfiices  which  have  been  crossed  by  a  glacier  and  thereby 
polished,  striated,  or  furrowed,  are  said  to  be  glaciated. 

In  the  description  of  specimens  Nos.  2  and  9  some  account  is  given  of 
the  action  of  glaciers  and  of  the  formations  they  deposit,  and  mention  is 
also  made  of  the  great  ice  sheet  which  in  Pleistocene  time  invaded  the 
United  States.  The  rock  fragments,  coarse  and  tine,  embedded  in  a 
glacier  are  included  chietiy  in  its  lower  part,  so  that  as  the  ice  moves 
over  the  rock  there  is  friction  between  the  bowlders,  pebbles,  sand 
grains,  and  clay  particles  above  and  the  bed  rock  beneath.  Although 
the  motion  is  exceedin<;ly  slow,  amounting  ordinarily  to  only  a  few  feet 
in  twenty  four  hours,  the  pressure  exerted  by  the  thick  ice  bed  is  so 
great  that  this  friction  has  an  {ippieciable  eti'ect,  and  the  rocks  are 
worn  away.  The  fine  mud  tends  to  smooth  the  rock,  and  the  result  of 
its  action  is  a  beautifully  polished  surface  marked  by  fine  parallel 
strin'.  The  sand  grains  scratch  the  surface  and  must  be  efficient  in 
wearing  it  away.  Pebbles  and  bowlders  ol'  hard  material  sometimes 
act  like  engravers'  tools,  plowing  lurrows  in  the  rock  beneath.  When 
the  ice  tiually  melts  away,  as  it  has  melted  from  the  North  American 
region,  there  remains  a  rock  surface  which  is  in  general  beautifully 
polished,  but  is  also  scratched,  tovowevV^  vvwvl  otherwise  sculptured. 
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The  character  of  the  scotptiire  depeods  also  iu  part  on  the  nature  of 
the  bed  rock.  If  that  ia  homogeticoua  it  may  be  reduced  to  an  even 
anrface  or  carved  in  smooth  forma  outlined  by  aweeping  cnrvea;  if  it 
coiitaiua  limited  maaaee  wliich  are  very  hard,  theae  may  be  left  promi- 
nent, and  in  ancb  eases  a  ridge  of  the  aoft«r  rock  is  apt  to  be  pre- 
served on  the  lee  side  of  the  hard  rock,  and  a  U-shaped  furrow  carved 
ahoat  the  front  and  aidea.  Thia  feature  ia  illustrated  by  fig.  IS,  photo- 
graphed from  a  stab  of  limestone,  containing  a  Inmp  of  chert. 

When  glaciated  rock  surfaces  are  espoaed  to  the  weather  ttiey  gradu- 
ally lose  their  polish  and  other  characters.  In  the  tract  once  covered 
by  the  great  American  ice  sheet  the  best  illustrations  are  fouud  where 
the  bowlder  <'lay,  which  protects  the  rock  surface  from  the  weather, 
has  been  freshly  removed,  as,  for  example,  in  preparing  rock  for  quar- 
rying. Si>ecimeD  155  waa  obtaitie<l  in  tbia  way.  The  rock  islimestotie 
belonging  to  the  Niagara  formation,  and  had  been  planed  by  the  ice  so 
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as  to  constitute  an  even  tloor  on  which  the  bowlder  clay  rested.  The 
ice  seema  to  have  chiinged  ita  direction  of  motion  from  time  to  time, 
for  besides  tlie  prin^'ipal  set  of  parallel  striae  there  are  others  crossing 
them  obliqnely.  The  direction  of  the  principal  atrial  is  in  this  case 
south  50°  west. 

TIk'  subject  of  rock  glaciation  is  fully  discnsse^t  in  Rock  Scorii»g8 
of  tlie  Great  Ice  Invasions,  by  T.  C  Chamherljn,  Seventh  Annual 
Kejtort,  United  States  Geological  Survey. 

No.  150.  Desert  Vabhish. 

(FnoM  TooKT.K  Vallky,  Tooki.k  Cocnty,  Utah.    Described  by  Q.  P.  Hkrrii.l.) 

The  tendency  of  weathering  is  not  alwaya  toward  immediate  diain- 
tegratioii.  In  many  instances,  and  particularly  8.mox\^«\\R»»'a».^'»^- 
meutsl  rocks,  exposure  toweatherresn\tBiut\ife5oT\sa\;v«vi.«a.^J^'6'afi.'w«r 
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diate  surface  of  a  thiu  coating  of  si  more  refractory  nature,  wlii.h  for 
a  time  protects  the  material  from  further  disintegration.  This  indura- 
tion,  it  is  assumed,  is  brought  about  through  the  deiK)sitiou  of  matter 
held  in  solution  by  ground  water,  which  is  brought  to  the  surface  by 
capillarity  and  there  evaporated.  Tlie  same  action,  even  when  not 
attended  by  induration,  may  result  in  a  superficial  discoloration,  as  in 
the  pebbles  under  discussion.  These  pebbles  are  of  quartzite,  rounded 
by  wave  action,  and  now,  by  the  drying  up  of  the  lake,  left  exposed  to 
the  atmosi)here.  Mr.  Gilbert  describes  their  origin  and  occurrence  as 
follows:  In  Tooele  Valley  the  Provo  shore-line  contours  alluvial  cones 
descending  from  the  mountains  at  the  east  and  west  and  extended  so 
as  to  meet  one  another  at  the  south.  The  valley  is  open  at  the  north 
and  northerly  winds  must  have  brought  powerful  waves.  These  drifted 
the  alluvial  material  southward  along  both  sides  of  the  valley  and  built 
curved  bars  about  the  head.  As  there  was  no  lateral  escape  for  the 
water  driven  up  the  bay  by  the  wind,  the  undertow  was  powerful,  carry- 
ing off  not  only  mud  and  sand,  but  gravel,  and  leaving  in  the  bars 
stones  ranging  in  diameter  from  3  or  4  inches  to  more  than  1  foot. 
This  coarse  shingle  is  in  places  so  devoid  of  finer  material  that  it  is 
barren  of  vegetation,  and  these  barren  tracts  best  exhibit  the  dark 
coating  on  the  bowlders. 

Examined  in  thin  sections  under  the  microscope,  the  bowlders  are 
found  to  consist  essentially  of  quartz  granules,  but  they  carry  in  addi- 
tion occasional  grains  of  microcline,  a  soda  lime  feldspar  and  a  consid- 
erable amount  of  interstitial  calcite  and  disseminated  earthy  and  ferru- 
ginous matter.  There  is  also  an  occasional  Heck  of  colorless  mica. 
The  zone  of  discoloration  is  quite  thin,  rarely  extending  inward  for  a 
distance  of  more  than  2"'"',  the  color  being  much  more  int-ense  on  the 
immediate  surface. 

When  thin  sections  for  microscoi)ic  study  are  cut  so  as  to  show  por- 
tions of  both  the  desert  varnish  and  interior  portions,  the  variation  in 
color  is  found  to  be  so  slight  as  to  be  almost  im])erceptible,  and  on 
casual  inspection  there  seems  to  be  no  essential  difference  in  composi- 
tion sucli  as  should  acccmnt  for  the  darker  color  shown  in  the  hand 
specimen.  Closer  inspection  shows,  however,  that  the  interstitial  cal- 
cite of  the  interior  of  the  ])ebbles  is  quite  lacking  in  the  discolored  outer 
l)ortions,  and,  further,  that  the  cavities  left  by  its  removal  in  solution  are 
oHen  lined  with  dark,  opacjue  amorphous  matter.  The  discolored  por- 
tion, when  tested  chenncally,  reacts  for  iron  and  slightly  for  manga- 
nese. Heated  in  a  closed  tube,  it  yields  water  and  gives  off  a  very  faint 
emi)yreumatic  odor.  Material  from  the  interior  portion  of  the  pebbles, 
when  treated  with  dilute  acid,  effervesces  briskly,  the  solution  reacting 
also  for  iron  and  manganese,  but  much  more  faintly  than  does  the  dis- 
colored portion.  It  is  evident  that  the  exterior  coloring  of  the  ''desert 
varnish"  is  due  mainly  to  a  local  segregation  of  oxide  of  iron  with  a 
Jjttle  manganese  and  organic  matter.    The  cause  of  such  segregation 
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is  not,  however,  altogether  apparent.  In  saeh  cases  it  is  often  difficult 
to  decide  what,  among  certain  phenomena,  uiay  be  merely  incidental 
and  wliHt  maybe  causative.  All  things  considered,  it  seems  safe  to 
assume  that  this  local  discoloration  is  due  to  a  superficial  segregation 
of  the  metallic  contents  of  the  quartzite  in  a  state  of  higher  oxidation, 
the  iron,  originally  in  form  of  a  carbonate,  becoming  converted  into  a 
hydrated  oxide,  while  the  lime  carbonate  itself  was  removed  in  solu- 
tion. The  small  amount  of  organic  matter  may  have  been  added  from 
external  sources — from  the  waters  of  the  original  lake. 

The  formation  of  the  bars  from  which  these  pebbles  were  collected 
is  described  by  Mr.  Gilbert  in  his  report  on  Lake  Bonneville  (Mono- 
graphs United  States  Geological  Survey,  Vol.  I). 
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hy  persthene-andesite 227, 328 

hypersthene 281 

kaolin 384 

kryptoperthite 195 

labradorite 276 

lapilli 240 

lepidomelane 208 

limestone 128 

liparite 162 

marble 2W,301 

metarhyolite 160 

mica-schist 342 

microcline 207 

microperthite 166 

minette 238 

nephelite 2112 

nephelite-syenite 208,211 

nevaaite 164 

obsidian  151 

olivme 208 

olivine-diabase 275 

oolite 97 

orendite 190 

ortboclaso 207 

peridotite 290 

perlite(rhyolitic) 158 

phlogopite 188 

phonolite 193 

phyllite 320 

plagioclases 276 

porphyritic  theralite 201 

porphyry  (dacit«-) 232.236 

porphyry  (hornblunde-diorite-) 232 

Potsdam  sandstone 80 

pamice(rhyolitir) 149 

pyroxene 260 

pyroxonite 288 

q  uar  tz- basal  t 253 

quartz-mica-diorite 342 

quartz-norite  gneiss 362 

residual  clay  of  f  eldspathic  rock 383, 384 

residual  clay  of  limestone 385 

residual  sand  of  dial.ase 381 

residual  sand  of  granite 879 

rhyolite 147 

rhyolitic  obsidian 151 

rhyolitic  perlite 153 

rhyolitic  pumice U9 

sandstone  77,80 
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Analyses,  sanidine Ift4 

saxonite 298 

schists 320,331,342 

Herpentine 374 

shale 90 

slatos 313,320,342 

sodalite 204 

syenite 186,208,211 

therallte 201 

trachyte 182 

travertine 101 

tuflf  (andesitic) 212 

volcanicdast U7 

zircon 204 

Analysis  of  rocks,  methods  of 18-27 

Andalnsite,  characters  of 37-38 

Andesite,  plate  showing:  dike  of 146 

(hornblende-),  description  of 221-223 

(hornblende-mica*  )<  description  of .  219-221 
(hornblende-pyroxene-),  description 

of 223-234 

(hypersthene-),  description  of 224-228 

(pyroxene),  description  of 228-231 

Andesitic  tuff,  description  and  analysis 

of 211-213 

Anhedral  crystals  of  porphyritic  quartz, 

charactcrsof 35 

Anhedral  gri^ins  of  quartz,  features  of . . .       16 

Anomite,  characters  of 42 

Anorthite,  analysis  of 368 

charactersof 45 

Anorthoclase,  character  and  occurrence 

of 45.46 

Anthracite  coal,  description  of 144-145 

ADticline  and  syncline,  features  of 315-316 

plate  showing 316 

Apatite,  charactersof dtt 

Aphanitic  structure,  nature  of 16 

Aporhyolite,  description   and   analyses 

of 343-049 

plates  showing  thin  sections  of 346,348 

Arf  vedsonite,  characters  of 41 

Augite,  analysis  of 264 

j'haractors  of 40-41 

Banded  sandstone,  description  and  analy- 
sis of 80-«l 

Banded  structure,  nature  of 14,15 

Basalt,  characters  of 61-52 

description  and  analysis  of.  254-255,261-264 

(cellular ) ,  description  of 252 

olivine  nodule  from 258-261 

<  quartz),  description  of 252-254 

Basiilt  tuflf,  description  of 251-252 

Bascom,  F.,  descriptions  of  rocks  by . . .  3443-1^9 

Basic  rocks,  d^'tinition  of 50 

Bastite,  characters  of J® 

Bayley,  W.  S.,  analyses  by 21)6.280.368 

descriptions  of  rtx'ks  by H4-H7, 

201  -209. 274-278. 282-286. 302^»16, 
308  -;U3, 31 7-;£3. 327-331 .  :333-3:t7, 
aV>-367. 3f.»-372. 374-376. 

Beach  gravel,  description  of 56-,')8 

B<»ach  sand,  description  of .5JMU 

Bedded  structure,  plate  showing. 14 

Bcrca  grit,  descrii>tion  of 75-77 

Biotito,  character  and  distribution  of 42-43 

BJotJte-liearing  iir>rn blende-granite,   de- 

BcriptioDof 179-\Hl 


Biotite-gneiss     (schistose)      description 

of 332-333 

Biotite-granite,  description  and  analy- 
ses of J7»-177 

(hornblende-bearing).,    description 

of 177-179 

Bituminous  coal,  description  of 143-144 

Bowlder  clay,  description  of 60-70 

Bowlder  conglomerate,  characters  of 71 

Breccia,  description  oi 72-74 

Brecciated  Devonian  limestone,  figure  of.       73 

Brecciated  structure,  nature  of 14 

Brick  clay,  description  of 68-69 

Brown  sandstone,  description  of 77-78 

Brush,  G.  H.,  quoted  on  geodes 112-113 

Bytownite  of  hyiiersthene  gabbro,  analy- 
sis of 280 

Calcareous  concretion,  description  of. .  107-108 

Calcite,  characters  of 35-36 

Calcite  and  quartz  vein,  description  of  . .  93-94 
Camptonite,  description  and  analysis  of.  239-241 
Canada-balsam-shellac  mixture   for  ce- 
menting thin  sections  to   glass 

slides,  formula  for 24 

Cancrinite,  analysis  of 2U3 

charactersof 37 

Cannelcoal,  description  of 141-143 

Cashaqua  shale,  description  of 87-89 

Cave  deposits,  plates  showing 98, 100 

Cavernous  structure,  nature  of 15 

Cellular  basalt,  description  of 252 

Cellular  structure,  character  of 252 

Cement  rock  (hydraulic),  description  and 

analysis  of 133-1^5 

Chalk,  description  and  analysis  of 115-119 

Chatard,  T.  M. ,  chemical  analyses  by 218 

Chemical  analyses.    See  Analyses. 

Chert,  description  of 124-128 

Cherty  limestone,  description  of 123-124 

Chiastoli te,  characters  of 37-38 

Chiastoiite-schist,  description  and  analy- 

sisof 339-343 

Chlorite,  charactersof 43 

Chlorite- phyllite,  description  of 321-323 

Chromite,  characters  of  31 

Chrysotile,  characters  of..  46-47 

Cinder  Cone,  California,  plate  showing. . .      248 

Clarke,  F.  W.,  chemical  analyses  by ac, 

2U8.204.29d 

Clastic  structure,  nature  of 13-14 

C;iay,  plate  showing  deposit  of 68 

( bowlder),  description  of 69-70 

(brick). description  of 6S-6B 

(residual,  of  foldspathic  rock),   de- 
scription and  analyses  of 382-384 

(residual,  of  limestone),  description 

and  analyses  of 384-385 

Clay  slate,  analyses  of. d2i),',Wi 

Clay  stone,  description  of 107-l(i8 

Cleavage  (slaty),  nature  of 18 

Coal  (anthracite),  description  of 144-145 

(bituminous),  description  of 143-144 

(c^nnel),  de8<?ription  at 141-143 

Cockeysville    marble,    description    and 

analysisof   300-301 

Columnar  jointing,  description  of 256-258 

uatMTOol 18 
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Columnar  jointing,  plate  showing 20 

Compact  limefltone,  description  and  anal- 
ysis of 127-132 

Compact  structnre,  nature  of 14, 16 

Concretion  (calcareous),  description  of.  107-106 

(ferruginous),  description  of 106-110 

(marcasite),  description  and  figures 

of 110-111 

Concretionary  structure,  nature  of 17 

Conglomerate,  description  of 70-72 

description  of  faulted  pebble  of....  316-317 

( me tamorphic ) ,  description  of 323-335 

Conglomerated  Htructure,  nature  of 14 

Contact  metamorphic  rocks,  analysis  of. .     342 

Coquina,  description  of 121-122 

Cortlandite,  description  of 294-297 

Country  rock,  definition  of 94 

Cretaceous  conglomerate,  d^K^riptlon  of 

faulted  pebble  of 311-317 

Cross,  Whitman,   descriptions  of  rocks 

by ...162-164, 

181-194, 224-2^7, 231-233, 241-243, 261-364 

Cross  bedding,  nature  of 14 

plate  showing 14 

Crumpled  shale,  description  of 315-316 

CiTPtoclastic  structure,  nature  of 14 

Cryptocrystallino  structure,  nature  of  . .  16 
Oystalline  limestone,  description  of  —      286 

Crystalline  minerals,  nature  of 28 

Crystalline  structure,  nature  of 14, 15-16 

Crystallites,  nature  of 17 

Crystallization,  degrees  of 28 

Dncite,  descriptions  and  analyses  of  . . .  213-219 

plate  showing  nodules  in 218 

plate  showing  thin  section  of 214 

Dacite-porphyry,  description  and  analy- 
sis of 283-236 

Damourite,  characters  of 42 

Desert  varnish,  description  of 389-390 

Devitrification,  nature  of 15 

Diabase,  description  and  analysis  of  . . .  264-273 

description  of  residual  sand  of 379-382 

(olivine-)   description   and  analysis 

of 274-278 

Diabase  amygdaloid,  description  of 355-357 

Diallage,  analysis  of 277,280 

characters  of 40-41 

Diatom  earth,  description  of 136-137 

Differential   weathering,  impure    lime- 
stone   387-388 

fiuted  limestone ^     388 

Dike,  description  of 145-146 

plate  showing 146 

Diller.  J.  8.,  descriptions  of  rocks  by 66-.58, 

69-69, 70-84, 87-91,  93-99, 102-140, 14.V146. 
211-215.217-219,  221-233,227-228,245-254. 
290-294,  297-298.  299-301,372-374,385-388 

Diopside,  characters  of 40-41 

analyses  of « 188 

Diorite,  descriptions  and  analyses  of 241- 

244,342 

Diorite-andesite  family  of  rocks,  charac- 
ters of 51 

descriptions  of  specimens  of 211-244 

Dolerite,  description  and  analysis  of . ..  261-264 
Dolomite,  characters  of 36 

description  and  analysis  of 300-301 
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Dune  sand,  description  of 61-68 

Dust  (volcanic),  description  and  analysis 

of 14e-148 

Eakins,  L.  G.,  analyses  by 90, 

182, 185, 208, 238, 241. 242, 255, 364 
Electro-magnetic  method  of  analysis  of 

rocks,  description  of 22-38 

Eleolite-homblende-syenite,  description 

and  analyses  of 194-197 

Eleolite-syenite,  descriptions  and  analy- 

sesof 201-511 

Enstatite,  characters  of 38-39 

Eolian  erosion,  plate  showing 62 

Eolian  sand,  description  of 61-^ 

Epidote,  characters  of 43 

Epidol  e-mica-gneiss,  description  of 353-355 

Extrusive  rocks,  definition  of 49 

Fault  breccia,  characters  of 73-74 

Faulted  pebble  of  Cretaceous  conglom- 
erate, description  of 31t>-^117 

Faults,  features  of 316 

Fayalite,  characters  of 30 

Feldspar,  figure  showing  banded  grain  of .       79 
figure  showing  arborescent   growth 

of 158 

Feldspars,  analyses  of 166, 

0                       195,202,206,207.218.280,325.368 
(monoolinic)   character    and  occur- 
rence of 44-46 

(tridinic)  character  and  occurrence 

of 4.'M6 

Feldspathic  rock,  residual  clay  of 382-384 

Ferruginous   (foasiliferous)   concretion, 

description  of 108-liO 

Flint,  description  of 119-121 

plate  showing  nodule  of 120 

Flinty  structure,  nature  of 14 

Flow  structure,  nature  of 14-16 

Fluidal  structure,  nature  of 14-16 

Fluorite,  characters  of 31 

Fluted  limestone,  differential  weathering 

of 388 

Fluxion  structure,  nature  of 16 

Folds,  features  of 316 

Foliated  structure,  nature  of 18 

Fossil  trees,  plate  showing 114 

Fossils  from  marine  sand,  description  of.  64-66 
Foesiliferous  iron  ore,  description  of  ..  138-140 

plate  showing 138 

Fossilif  erous  sandstone,  description  of . .  83-84 

Fragmental  structure,  nature  of 13-14 

Friction  breccia,  characters  of 73-74 

Fusibility,  scale  of 30 

Gabbro,  characters  of 51-52 

description 278-282 

(gametif erous),  description  and  anal- 

ysisof 282-286 

Gabbro-basalt  family  of  rocks,  charac- 
ters of 51-52 

descriptions  of  specimens  of 245-286 

Gabbro-diorite,  descriptions  and  analy- 
ses of :»7-372 

Gangue,  definition  of 94 

Gametiferous   gabbro,  description  and 

analysis  of 282-286 

plate  showing  thin  section  of 278 

Gametiferous  hornblende-schist,  descrip- 
tion ol ^«®,^Kk 
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Garnets,  characters  of 31-32 

table  sbowinfl:  varieties  of 31 

Geode,  character  of 17-18 

description  of 111-113 

Geyser,  plate  showing 92 

Gilbert,  O.  K..  d^riptions  of  rocks  by..  58-59. 

i»-70. 388-389 

quoted  on  occurence  of  concretions  of 

marcasite 110 

Girty,  G.  Hm  quoted  on  fossils  contained 

in  chert 126 

quoted  on  fossils  of  chalk 116 

quoted   on    fossils    of    r)olitic    lime- 
stone   108-104 

Glacial  fn'avel,  description  of 58-69 

Glaciated  rock,  description  o* 388-389 

flgureshowing 389 

Glass   (volcanic),  figure  showing  frag- 

mentsof 212 

Glassy  structure,  nature  of 15 

Glauconite,  characters  of 47,63 

Glaucophane,  characters  of 41 

Globigerina.  figure  of llfl 

Globigerina  ooze,  figure  of 117 

Globulites,  nature  of 17 

GneihS,  features  of 18 

( biotite ).  description  of 3*2-3: W 

( granitoid ) ,  description  of 349-353 

(quartz-noHte),  description  and  anal- 
yses of 358-382 

Granite,    description    and    analyses   of 

specimens  or 170-181,339 

niiotite),  description  of 17:M7» 

(graphic),  figure  showing  i.c>gmatitic 

structure  of 17 

(hornblende),  description  of 170-lsi 

r 'sidual  sand  of :J7(>-379 

Granite-rhyolite  family  ot  rocks,  chara**- 

ters  of 51 

descriptions  Of  specimens  of 14<>-1H1 

Granitic  structure,  nature  of 10 

Granitoid  gneiss,  description  of 34J»-35;J 

Granitoid  structure,  nature  of Hi 

Granophyric  structure,  nature  of 10-17 

Granular  structure,  nature  of 14 

Graphic  granite,  figure  showing  pegma- 

titic  structure  of 17 

Graphic  structure,  nature  of 10-17 

Graphite,  characters  of 34 

Gravel  ( beach),  description  of 50-58 

Gravel  (glacial),  description  of 58-59 

Gray  sandstone,  description  of 75-77 

Gray  wac;k<',  dosrription  and  analysis  of. .  84  87 

l»iate  showing  thin  section  of 80 

Greensiind.  description  of (KMU 

Grit.  Berea,  description  of 75-77 

Oroundmass,  definition  of 10 

Griinerito.  (^liaracters  of 41 

Gyi>suni,  characters  of -H) 

description  of {»7-!»H 

Hall,  James,  quoted  on  occurrence  and 

nature  of  amorphous  marl  beds.  i;i5.  \'.V\ 

Hardness,  scale  of 'U) 

Hart.  Edward,  analyses  by U>'2 

Haliy  nite,  characters  of iil-'.\:\ 

HawvH  O.W.,  chemical  analyses  by.  24l,2t}ft  :.»?:.' 
Heina titv,  characters  of 'U 
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Pajjft 

Hematite  (brown),  characters  of 47 

(specular),  description  of 30(7-0)8 

Hexagonal  system,  description  of  miner- 
als of 34-37 

listof  minerals  of 29 

Hitchcock.  C.  H.,  acknowledgments  to. . .        11 

cited  on  New  Hampshire  schists 3Hi2-303 

cited  on  New  Hampshire  steatite 365 

Hill,  R.  T..  quoted  on  occurrence  of  chalk 

in  Texas IltJ 

quoted  on  occurrence  of  flint  nodules 

in  Texas 119-130 

Hillebrand,  W.  F.,  chemical  analyses  by.     164, 

177,188, 190. 193. 2IU,  218, 
226,  227, 232, 249, 253. 275 

Holocrystalline  structure,  nature  of 16 

Homogeneous  aggregates,  list  of 110 

I^ornblende,  characters  of 14 

Hornblende  andesite,   description    and 

analysis  of 221-223 

Hornblende-bearing  biotite-granite,  de- 
scription of  177-179 

Hornblende-diorite-porphyry ,  d  e  s  c  r  i  p- 

tion  and  analysis  of 21)1-233 

Hornblende-gabbro-gneiss,  descr  i  p  t  i  o  n 

and  analysis  of 3i>7-369 

plate  showing  thin  section  of odO 

Hornblende-granite  (biotite  bearing)  de- 
scription of. 1?J-181 

r omblende-mica-andesite,  description 

and  analysisof 219-221 

Hornblende- peridotite,  description  of.  2!*4-297 
Kornblende-pyroxene-andesite,    descrip- 
tion of 223-224 

Homblende-ftchist.  description  of :J31-;tl2 

(garnetiferous)  description  of JJ62-'Ji5 

Hornblendic    gabbro-gneiss,  description 

and  analysisof ;kJ9-;J72 

Hornfels,  description  of ..  :H7-^t{.s 

definitionof 125 

Hornstone,  descriptions  of 12:M20 

definitionof 125 

Horny  structure,  nature  of 14 

Hummel^town  sandstone,  description  and 

analysisof 77-78 

Hydraulic  cement  rock,  description  and 

analysisof :....   l,3;J-ia5 

Hypersthene,  characters  of 38-^0 

analysis  of 220, 2Kl 

Hypersthene-andesite,   desc*ription    and 

analysisof 2^4-228 

plate  showing  thin  section  of 228 

Hypocrystallinc  structure,  nature  of 10 

Iddings,  J.  P.,  descriptions  of  rocks  by.  140- 
148, 1.51-102, 177-181,  ll»4-197.a»9-21 1.21.5- 
217. 219-221 ,  22:J-224.  22H-~':U  .  2:«J-24 1 .  24:^- 
244.  254-201.  278-282.  280-::t)().  294  2!)7, 
298.  :«)l-302,   ;«1-3;B.    .15:^355,    367-:«J9 

Idiomori)hic  minerals,  nat  urc  of 16 

Idiomorphic  quartz,  nature  of 35 

Igneous  rocks,  characters  of 4'»-.'0 

definition  of 48 

(metamorphic;  descriptions  of  speci- 
mens of Dlii  :jro 

( metamorphic )  table  of .55 

(unaltered)    descriptions    of     speci- 

moTVHol 145-298 
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Igneous  rocks  ( analtered  > ,  table  of 54 

nmenite,  characters  of 34 

Indurated  jointed  shale,  description  of.  313-t315 

Infusorial  earth,  description  of 136-137 

Intrusive  rock,  definition  of 49 

Iron  ore  (fossiliferous),  description  of.  138-140 

plate  showing 138 

Isometric  system,  description  of  minerals 

of 30-33 

list  of  minerals  of 29 

Jaspilite,  description  of 305-307 

Jointed  shale,  description  of 313-315 

Jointing,  nature  of 18 

(columnar),  description  of 256-258 

(columnar),  plate  showing 20 

(r hombohedral) ,  plate  showing 18 

Kaolin,  charactorsof 47 

description  and  analyses  of 382-384 

Kimberlite,  description  of 290-294 

plate  showing  thin  sections  of 292 

Knowlton,  F.  H.,  quoted  on  silicified  wood      114 

Kryptoperthite,  analysis  of 195 

Labrador! tes,  angles  of  extinction  of 270 

Laminated  sandstone,  description  of —  81-82 

Laminated  structure,  nature  of 14 

Lapilli,  description  and  analysis  of 248-249 

Lava,  analysis  of 218 

columnar  jointing  in 256-258 

Lava  breccia,  characters  of 74 

Lava  field,  plate  showing 252 

Lee  marble,  description  and  analysis  of.  299-300 

Lepidolite,  characters  of 42 

Lepidomelane,  occurrence  of 43 

analysis  of 203 

Lesquereux,  L.,  quoted  on  fossils  of  fer- 
ruginous concretion 109 

Leucite,  charactersof 32 

Limestone,  residual  clay  of 884-385 

differential  weathering  of 3S7-388 

(cherty),  description  of 123-124 

(compact),  description  and  analysis 

of 127-132 

(coquina) ,  description  of 121-122 

(crystalline),  description  of 298 

( fluted ) ,  differential  weathering  of . . .     388 

(hydraulic),  description  of 133-135 

(oolitic),  description  of 10»-l(i6 

(Patellina),  description  of 119 

(shell),  description  of 122-123 

Limonite,  charactersof 47 

description  of 105-107 

Lindgren,   Waldemar,    descriptions    of 

rocks  by 148-151,170-172 

Liparite,  description  and  analysis  of. . .  10(»-ltt2 
Lithographic  stone,  description  of..    .  132-133 

Lithoidal  structure,  nature  of 18 

Lithoidite    description,    analyses,    and 

figures  of ltia-160 

plate  showing  lithophysts  in 154 

Llthology,  definition  of 13 

Lithophysse,  description  and  figures  of.  153-159 

natureof 17 

Lithophysal  structure,  plate  showing 348 

Lode,  definition  of 94 

Loess,  description  of 65-67 

plate  showing  deposit  of 66 

Lnray  Cave,  Virginia,  plate  showing  de- 
posits in MJO 
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Luster-mottling,  example  of 295 

Macroscopic  (nee  Megascopic). 

Madupite,  charactersof 131 

Mugma,  definitions  of 15, 40 

Magnetite,  charactersof 30-31 

description  of 374-376 

Magnetitic  specular  hematite,  descrip- 
tion of 307-308 

Mahon,  R.  W. ,  chemical  analyses  by 221 

Marble,  description  and  analysis  of 299-301 

plate  showing  thin  sections  of 300 

Marcasite,  characters  of 37 

descriptionof 110-111 

plate  showing  concretions  of 110 

Marengo  Cave,  Indiana,  ))late  showing 

deposits  in 96 

MargaHte,  characters  of 42 

Marine  sand,  description  of  fossils  from .  64-65 

Marl  (amorphous),  description  of 135-136 

(shell),  descriptionof i:» 

,  Massive  rocks,  nature  of 14 

Ma.ssive  structure,  plate  showing 16 

Mathews,  E.   B.,  descriptions  of  rocks 

by 172-177 

McCay,  Leroy,  chemical  analyses  by . . .  290, 3tt9 
Megascopic  features  of  rocks,  definition 

of 13 

Melville,  W.  H.,  chemical  analyses  by 149, 

168,206.212,223,374 
;  Merrill,  G.  P.,  descriptions  of  rocks  by.  376-385, 

389-391 

I  Mesostasis,  example  of 271 

Metamorphic  conglomerate,  description 

of 323-325 

Metamorphic  igneous  rocks,  descriptions 

of  s];)ecimens  of 343-376 

Metamorphic  sedimentary  rocks,  descrip- 
tions of  specimens  of 298-343 

Metamorphism  of  rocks,  processes  of 48-49 

Metarhyolite,  descriptions,  figures,  and 

analyses  of 164-170 

plate  showing 188 

Micas,  charactersof 42-43 

analysesof 188 

Mica-schist,    description    and    analyses 

of 327-331,342 

(staurolitic)  description  of 333-337 

Microcline,  characters  of 45 

analysis  of 207 

Microcrystalline  structure,  nature  of 16 

Microgranophyric  structure,  nature  of. .       17 

Micrc^rapb  ic  structure,  nature  of 17 

Microlites,  natureof 17 

Micropcgmatitic  structure,  nature  of 17 

Microperthite,  analysis  of 166 

plate  showing 168 

Microscopic  features  of  rocks,  definition 

of 13 

Microscopic  method  of  analysis  of  rocks.  23-27 
Minerals  forming  rocks,  enumeration  and 

description  of 27-47 

essential  and  accessory 28 

listof 29-30 

original  (primary)  and  secondary ....       28 
Minetto,  description  and  analysis  of . . .  236-239 

Mohs  scale  of  hardness 30 
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Muscovite,  character  and  distribution  of.       42 

Neph  elite,  characters  of 36-37 

analyses  of 202 

Nephelite-leucite  rocks,  characters  of...       51 

descriptions  of  specimens  of 185-211 

Nephelite-syenite,  descriptions  and  anal- 

ysesof 201-211 

plate  showing  thin  section  of 204 

Nevadite,  description  and  analysis  of..  162-164 

Nodule  of  flint,  plate  showing 120 

Nodule  of  oliyine  from  basalt,  description 

of 258-261 

Norton,  L.  M. ,  chemical  analysis  by 312 

Noselite,  characters  of 32-33 

Obsidian  (rhyolitic)  description  and  anal- 
ysis of 149-151 

Old  Faithful  geyser,  plate  showing 92 

Olivine,  characters  of 39 

analyses  of 298 

Olivine-bearing    pyroxene-andesite,    de- 
scription of 228-231 

Olivine-diabase,  description  and  analysis 

of 274-278 

plate  showing  thin  section  of 278 

Olivine  nodule  from  basalt,  description 

of.... 258-861 

Oolite  (siliceous),  description  and  analy- 
sis of 95-97 

plate  showing 96 

Oolitic  limestone,  description  of 103-106 

Oolitic  sand,  description  of 102-103 

Oolitic  structure,  nature  of 17 

Opal,  characters  of 28-29 

Orendite,  description  and  analyses  of. .  186-191 
Original  or  primary  minerals,  illustia- 

tious  of 28 

Orthoclase,  characters  of 44-45 

plate  showing 158 

Orthoclase  of  nephelite-syenite,  analysis 

of 307 

Orthorhombic  system,  description  of  min- 
erals of 37-40 

list  of  minerals  of 29 

Overthrusts,  features  of 316 

Paraffonite,  characters  of 43 

Patellina  limestone,  description  of 1 19 

Peat,  description  of 140-141 

Pebble  (faulted)  of  Cretaceous  conglom- 
erate, description  of 316-317 

Pebbles,  striated,  description  of 58-,t9 

Pebbly  sandstone,  description  of 74-75 

plate  showing  thin  section  of 76 

Pebbly  structure,  nature  of 14 

Pegmatitic  structure,  character  of lft-17 

flgureshowiug 17 

Poridotite,  description  and  analysis  of.  288-291 
Peridotite  family  of  rocks,  characters  of.        52 

descriptions  of  specimens  of 2^!6-298 

Perlite  (rhyolitic)  description  and  analy- 
sis of 151-153 

Perlitic  structure,  nature  of 15 

plate  showing 348 

Perof skite,  characters  of 33 

Petrographic  microscope,  plate  showing.       24 

Petrography,  definition  of 13 

Petrolc^y,  doflnition  of \S 

Phanorocrystalline  structure,  nature  ol.       Vft 
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Phenocryst,  deflnition  of 16 

Phlogopite,  characters  of 42 

analysis  of 188 

Phonolite,  description  and  analyses  of. .  191-194 
Phyllite,  descriptions  and  analyses  of. .  317-323 
Physical  analysis  of  rocks,  methods  of . . .  18-27 

Pirsson,  L.  V. ,  chemical  analyses  by 193 

descriptions  of  rocks  by 964-273 

Plagioclase,  analyses  of 276 

character  and  occurrence  of 45,46 

Plutonic  rocks,  characters  of 49-50 

PoBcilitic  structure,  example  of 295 

Porous  structure,  character  of 15, 252 

Porph3rritic  q  uar tz,  anhedral  crystals  of .       35 

Porphy ritic  structure,  nature  of 16 

Porphyritic  theralite,   description  and 

analysisof 199-301 

Potsdam  sandstone,  desca'iption  and  anal- 
ysis of 79-«) 

plate  showing  thin  sections  of 80 

Prehnite,  characters  of 40 

Primary  or  original  minerals,  illustra- 

tionsof 28 

Psammitic  structure,  nature  of 14 

Puhiskite,  description  of 194-197 

Pumice  (rhyolitic),  description  and  anal- 
ysis of 14»-149 

Pumiceous  structure,  nature  of 15 

Pyrite,  characters  of 30 

Pyroclastic  structure,  nature  of 14 

Pyrope  of  kimberlite,  description  and 

figureof 203 

Pyroi)e  with  boi*der  of  biotite  and  mag- 
netite, figure  showing 293 

Pyroxene,  analysisof 960 

I*yroxenes (monoclinic),  characters  of . ..  4<M1 

(orthorhomic),  characters  of 38-39 

Pyroxene-andesite  (olivine-bearing),  de- 
scription of 228-231 

I*yroxenite,  characters  of 52 

description  and  analysis  of 286-288 

Pyrrhotite,  characters  of 34 

Quartz,  characters  of 34-35 

(porphyritic),  anhedral  crystals  of  . .  35 
Quartz  and  calcite  vein,  description  of..  93-94 
Quartz-basalt,  description  and  analyses 

of 25^-254 

Quartz  conglomerate,  definition  of 71 

Quartz  grains,  plate  showing  thin  sec- 
tions of 254 

Quartzite,  description  of 301 -3(£ 

Quartz-mica-diorite,  analyses  of 342 

Quartz  -  norito  -  gneiss,    description   and 

analysisof 35J^-362 

plate  showing  thin  section  of 360 

Quartz  sand,  description  of  59-61 

Quartz-schist,  description  of 311C2-305 

Quartz  vein,  plate  showing 94 

Residual   clay  of   feldspathic   rock,  de- 
scription and  analyses  of 382-384 

Residual  clay  of  limestone,  description 

and  analyses  of 384-385 

Residual  rocks,  table  of 55 

descriptions  of  specimens  of 376-385 

Residual  sand  of  diabase,  description  and 

analyses  of 3T9-C82 
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Bhombohedral  jointing,  natnre  of 18 

plateBhowing IH 

Bhyolite,  analyses  of 147 

Bhyolitic  dost,  description  and  analysis 

of 146-148 

Bhyolitic  obsidian,  description  and  analy- 
sis of 14ft-151 

Bhyolitic  perlite,  description  and  analy- 

sisof 151-153 

Bhyolitic  pnmice,  description  and  analy- 
sis of 146-140 

Biggs,  R  B.,  chemical  analyses  by. .  215,275,325 
Bipple-marked  sandstone,  description  of.  82-^ 

Bipple  marks,  plates  showing 82. 84 

Bock,  definition  of 13 

mode  of  preparing  thin  st^ctions  of. . .  24-27 
Bock-making  minerals,  enumeration  and 

descriptions  of 27-47 

essential  and  accessory 28 

original  ( primary )  an  d  secondary 28 

titles  of  works  containing  accou  n ts  of .       27 
Bock   powder,   method  of    microscopic 

study  of 26-27 

Bock  sections  (thin),  mode  of  preparation 

of 24-27 

Bocks,  methods  of  physical  analysis  of . . .  18-27 

methods  of  study  of 13 

minerals  forming 27-JJ7 

structural  features  of 13-18 

tabular  view  and  classification  of 48-56 

Bubellan,  characters  of 42 

Butile,  characters  of 33 

Sand,  figure  showing  ripple  marks  on  . . .       82 

(beach),  description  of 59-61 

(dune,  or  eolian),  description  of 61-63 

(marine),  description  of  fossils  from.  64-65 

(oolitic),  description  of 102-1(J3 

(residual  of  diabase),  description  and 

analyses  of 379-382 

(residual  of  granite),  description  and 

analyses  of :rr6-379 

(volcanic ) .  description  of 245-248 

Sandstone    (banded),    description    and 

analysis  of 80-81 

(brown ),  description  and  analysis  of.  77-78 
(brown ),  plate  showing  thin  sections 

of 76 

(f ossilif erous),  description  of 83-84 

(gray  )i  description  of 75-77 

(laminated ) ,  description  of 81-82 

(pebbly),  description  of 74-75 

(pebbly),  plate  showing  thin  sectionsit 

of 76 

( Potsdam  \  description  and  analysis  of  79-80 
(Potsdam),  plate  showing  thin  sec- 
tions of 80 

(ripple-marked),  description  of 82-83 

Sandstone-like  structure,  nature  of 14 

Sanidine,  analysis  of 164 

character  and  occurrence  of 45 

Sazonite,  description  and  analysisof . ..  297-298 

Schist,  features  of 18 

(albite-),  description  of 325-327 

(chiastolite-).  description  and  analysis 

of 339-343 

^ornblenbe- ) ,  description  of 362-365 

(quartz-),  description  of 302-306 
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Schist  (sericite-),  description  and  analysis 

of 317-320 

(staurolitic  mica-),  description  of . .  833-337 
(tourmaline-biotite),  description  and 

analysisof 327-331 

Schistose  biotite-gneiss,  description  of  332-333 

Schistose  structure,  nature  of 18 

Bdmeider,  E.  A.,  chemical  analsrses  by       77, 

81,201,299 

bcoria,  description  of 249-250 

Secondary  minerals,  illustrations  of 28 

Secretion,  natnre  of 17-18 

Sections  (thin)  of  rocks,  mode  of  prepa- 
ration of 24-27 

Sedimentary  rocks,  definition  of 48 

(metamorphic),  table  of 55 

of  chemical  origin  (unaltered),  de- 
scriptions of  specimens  of 91-115 

of  mechanical  origin  (unaltered), de- 
scriptions of  specimens  of 56-91 

of  organic  origin  ( unaltered),  descrip- 
tions of  specimens  of 115-145 

(unaltered),  table  of 53 

Sericite,  charactersof 42 

Sericite-schist,  description  and  analysis 

of 317-320 

Serpentine,  charactersof 40-47 

description  and  analysis  of 372-374 

Shale,  description  and  analysis  of 87-89 

(carbonaceous),  description  and  anal- 
ysisof   90-91 

(crumpled ) ,  description  of 315-316 

(jointed),  description  of 313-315 

spheroidal  weathering  in   387 

Shaly  structure,  nature  of 18 

SheU  (silicified),  description  of 114-115 

Shell  limestone,  description  of 122-123 

Shell  marl,  description  of 136 

Shimer ,  P.  W. ,  chemical  analyses  by 218 

Shingle,  definition  of 56 

Siliceous  oolite,  description  and  analysis 

of 95-97 

plate  showing 96 

Siliceous  sinter,  description  of 91-93 

SiUcified  shell,  description  of 114-1 15 

Silicified  wood,  description  of 113-114 

Sinter  (siliceous),  description  of 91-93 

Slate,  description  and  analyses  of 308-313, 

320,342 

Slaty  cleavage,  nature  of 18 

Smeeth  separating  apparatus,  descrip- 
tion and  figure  of 20-21 

Smith,  G.  O.,  descriptions  of  rocks  by.  140-145 

Soapstone,  description  of 365-367 

Sodalite,  characters  of 32 

analyses  of 204 

Specific-gravity  method  of    analysis  of 

rocks,  description  of 19-22 

Specular  hematite,  description  of 307-308 

Sphene,  character  and  distribution  of 44 

Spheroidal  weathering,  description  and 

figuresof ;W5-387 

Spherulites,  nature  of 17 

description  and  figures  of 153-159 

plate  showing  sections  of 156 

Spherulitio  struct^xr^  ^  v^'^'=^  ^CkMr«w\asg» ^*^ 

&pVn»V  c^hiiX«A\ATi^  ol 


-Sk. 


400 


INDKX. 


li 

:;i-  :;•.•: 

li 

i;. 

:•>  v.i 

SpiiU'l.  tal'h"  sliowiistf  v:irii'tn'«««»l' :{1 

Stala«*tit«'<  iiiid  .-jaiau'MiJtf-.,  il.-.-i  rjjitiim 

of  !IK  •••I 

l'lat«"*vh.j\\i!ii:  ..     .  1»>.  l"-"! 

Sfawr-»I,t.\  «'!j.ira';fr<  ni  :»-> 

ll^nr«'  s}i.«v\  in;;  •Tii-s  >«  i*Ti«.ti  ••!  «•.•>.»< 

t.ilcif...  :su 

Staur«»Ijii«' !iin;i  >..  lii«H!.«|i'«.i'n|iti«'i:  ••!      ''l''>  .'vJ', 
sti'a!i:i'  il«  "-liiiti  •!  >>\  :>iir,  :;••: 

St«-i«rr. (f.M,  ..•lii'iiii'- il  ;:!ialy^«-  liv     I  ;i.:::,'"  -Wi 
St.'»k»<.  II    X..  rlH.ini'-.»l  aii:«l\  *•'-  l-v  *■'.   1V.J 

Strut  ili»Mi  rn'-k-.  nat'in-   -t 
Str«-uk«' I  otr  i«-;;ir''.  .'.ati.i.'  «•* 
Str:ati'«l  ]..i.l.!.*,  •i"«.'-:ij.!i'ii  ••: 
Surliuo      n.oiiir:i  at i<'!i.     tjii»  ••     *.h««\vii.;x 

•  'la"»'«*s  « it  ">•» 

ilhi'-Tr::* :•.!:<.■!    .  ..>.".  :\'Jl 

Sy»*liit«     i'»  -^'Tlli!'"!.  .l!.«l  a!i.i..\ -••.    ••  I**!   I*'*'. 

1".*.  :•.•.  '.•"'I  -.Ml 
Sy»'tiit»-  tr:i»  !•>'!•    I;ii!  ■  \     !  !•  •  !.••  <  1  ar;i' 

S>n.!!ii«'  ami  ant  i«I.f,".  '•  a*  Ji  •  ••  <•'  M'l   :!(. 

Tal«*.  <}iara«-l.-i  -  .'  }" 

T-ilu**  l-r** «  ia   <  I  aj  !•••  '  -    !  '.■• 

T«'rra'*«s  ..:  li.  \  •].••  •; .-.  j  !.,•.•  -I..- a   »  .  1  :.' 

Ti'tra-,r«-T.al  «•. -•  m    •  •    ••tij-"  •  •   •••  r  .ii..  r 

a!-i  <•!  ;.: 

li-t  "l  inii.<  fa'.-    !  •.*■• 

T«\?ni.iria.  i.  •  .f-  -      "\  :•  .:  1  !•• 

Tla-ra::*     a:   :  \    i>    '  •••  i 

•  !••'■•••  :|'* .    ?     >  .'•'•    '•'•  • 

ji  .v;.l  '.  !•": 

•i-    ••■ 


I  .  ■  ' 


'  .        '     •  . 


Tl.::i 


-!•••'      <  l'     - 


•       .   .1  • 


I  '  •: 


.1  ! 

•r»  .••:!.••     ••      .   •  .■     •••••   ..I  .. 

:!i.  •••    .  •  !i'  -    •■ 
'I  •.!  i.^ '  •    '•   r  '  !■  -    '■ 
']"..      ••  "  •    • .    '   ••' 

•|         •  .     •      ■ 


•.'I     . 


I  .   .. 


I  • 


li 


■   .  »     *  . 


']'  . 


p. -P. 
Turiior.  II.  W..ilosiTiiiti'.»ii- Ml' r-M-k*  uy  '■'>'.'  ;:.'J 

rti.-tralitit'ii  iMfk.-*.  iiatui I"  .     .  14 

rriilit*-.  ••Iiurarli-r-^  of  I4 

Van   ili«f.  r.   K.,  jl.-Hi-ript:!'!"*  <if  r-nk-* 

l.y       :»>»•.  .'^i"*. ::;::  jr. 

V«Mi,  i»l  «juart/..  «ii'SiTiiiti'iii  nj"  Hj  nl 

plat"' >l;i.\vs:j;r  ...         J'l 

\'«-ii:  ipiarty..  fU""'i'i|iti'.:i  "t  ...   .  .  1»l  '.•'» 

V.  ^i.'-.ilur  stj  :i.t;{r«-.  iiaVi.rt- of  .   i.'i.  :iV.' 

Vi*-i;vni.-»  in  ••rri]iri'.n.  i»lat»- ;<li  !\v:!i.;^  21»» 

Viti \;«.  .-tnirt  »i-.-.  n;:t';T*«- «••         l.'i 

\  -.IfaJi^'  1hiii:}i^.  i:i'-.  ri)>ti"n  «»!'  :*V   :i'A 

|ila»«- •-laiwini;       ...  'iVi 

V'll'-atr.i*  lir«  <'<Ma.  i'ljara«-*«'r«H  •>:"  .  '•^•■Tt 

V'li.-aiii.- .•.iiji'.  |il;iti' .n!.«i\\  iniT...  -I"* 

V'«l«a:ii'*  <luKt.  •!••- Tiii-i'^i  and  asialv'*":- 

..|  lUl  ll** 

\"<>1  •an!'-  u''.a->^.  1ij;Ki«-  -li-iwin;;  fra.rri''i;t-» 

V.  ;<  .'.:.•  j*""U~.  •Lara-'i-r^  «»t       I'.i 

V-  ■••M'  :••  •  11..I.  il.-i-ri}!: !  .  ..  ".Ti  :,•^- 
V..!<  .•..»::>  •fi  |it  '•'..  i»la*«'  ^i  "wii:;;  .  :'l'i 
\'.  !  K'.»..  ■;■•.  ^.mI  •  ..I  Iti-.liility  :>• 
'A'iat!;-r  ::_'    'I'lti'iiMitial    :•.  :nj}nir«' !!!i:i' 

-.T"'!"'  •!■  -«  Ilj  t.'»!.    >'.  'i^',   ^i^N 

j.  at..  -■";.. W.'l-'           . .  i>""» 

\V.:i?|;i;-.m:       -j.l.i'fi.iiial  •    :n    .-half,    "l*- 

^••r;jit !•••:  ■  !  -V^r 

\Vi  •.♦!  .  r  'I 


• .'»  .    ••..;•!• 


F'-i'la"    -.I.  •jiif   u<v  »  k.- 


ll--  ••!  !i.t  i    -II 


:\^'>  -.'M 


>»\ 


W- I   :.  \V    ']     <1.— lint:  .n- ..{  r«..-.'k-- Itv        •.>!'»•{ 

1.1  ;..i 

W.  .!•!   I'l    -^  .   :<•■««  r  !••:•  1.-.  •••■  r"'\««  l>     l'»4   IT" 

W     I  .P    « 


w 


.     ,      ,.1 


•  "  ;<  ai  a!:, I .\  *»••>  )>\ 


i.<i 


W '■':.<■      .1.1      .  I..-' li.  a' .•-.aly-.-s  ;.'.  '.i-;. 

i":.-M»-..  •>; 

W        !:•       I.    '•     <■  .iui>:\<  i[  <.i'.\  an''  ^i".?!'! 

•.  - \  <.i"\   -    «1  -iv  'St 

.■.■:,•.    •  •  ..•..-  I.v  .    .  :.»>  •,»^-i. 

1    :     !      'I    ■   .ii    If  «i'..''::i'    .1!     .^I..!•\ 

•  U''',      "I'M     .»»i"» 

.  i'-'  .  -••■'ii-*  '  '.'  y\  ii  \  !ai:«i         '.'<n\ 
W  ■        i'l        •,   I..     ••  i    t.  I'l"    !  r  -I  •. -  i:\     :;"..",  '.]',', 

•    :     <  •      •  •  •      i!      f  .-     laviM  ;l.l  •     !•• 

.  :  :  ••  ;•  -  ?■••••  l"«  1:!: 

•    .      !'      .     ••    .].:  .  •  •  ..    .-...-K^  \'\        I'-:  Nil. 

» .-»  •».•   •»«  •  .Ik* 
:    •       .•■•■.••  _Ma\  .ts    anal 

•  ..!.       ••  .1  l.>               .  Vl 

•  ••        .  •  .  •     -r                 11  ;  r» 

■  .    .  I  ^  .u..-..  w  \  ■: 


.£.-|n 


Stanford  Uni 


3  tios  on  aos  17Q 


V 


